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PREFACE. 



11, Old Coi-ipcon Stree 

A HE foSlo^Ting treatise has been cotupujcd lor the ins 
tigo of aucli as are aduaUy unatciuainted with cbemical 9ci{ 
and with that view I Lave foUuwtid such an artjuigement o 
subjects, an appeared beat calculated to alTord a clear luid penm 
uent knowledge of their relations and coDSC()ueDCc$. 

As the proofs of chemistry an grounded upou an appeal U> Ibe 
senses, I have in the first place described soni? experimeats, 
which are easy to be performed, and particularly adapted to oh 
hibit the general nature of chemical action. ^H 



Bat mere facts do not constilute a acjence. The reasoning fa- 
cully must be exerted to dispose them in the order of cause and 
efTect i tint by the method called aonlysig, and afterwards io that 
of syDthesiH : which last may be considered as including those 
tentative processes of the mind called bypolhesei, which iji nam 
lal science arc tendered legitimate by experimenl. 



t 



ic metals, alcalie;, earths, &c. next succeed, and arc treated 
in the same manner by direct reference to die facta they alfbrd 
during ctiemic»l examination. Tbe natural history of each, mnd 
their obvious physical and chemical properties are first stated; then 
follow the means of obtaining them -, and lastly, ihcJr pb) 
chemical properties are shown, by a series of expciimenttJ 
sintilnr method pervades the wliolc of the' work. 



:^ 



I have endeavoured experimentally to unfold all the fundamental 
truths of Uie science. I have proceeded from first notions step 
by step } from generals to particulars j from premises to coodu* 
aionsj deducing causes from their effects, and effects from their 
causes, in order to maintain a systematic connection between the 
BO-eral parts of the whole, and to recall to the memory, all tht 
changes which bodies arc susceptible of in their mutual actions. 

I axn persuaded ibis cannot be belter done, than by determin- 
ing their properties by experiments under dlfierent circumstances. 
Hence the same lacls are esibited under various forms and rda- 
lions, in order to oblige the mind to re-consider the same pin - 
nomcnti in different lights, 



It is perhaps needless to state, that 1 have availed mpelf of al! 
tbe authors who have cultivated and curiched this wnence. lu 
many inntaoces I found peiKpicuity of style and precision of detail, 
which I could not hope to make improve m^nti s and in such casea 
I ba.v€ not scrupled to transcribe whatever answered my purpose. 
But I have faithfully quolcJ roy aiithoritie:i, and rendered honor 
l4iom bouor h d»e. 




liu with tlic science will nevertheless obg»enre 
e lion borrow iroin other*. I have corrected 
* ibtUM) even in Ibe works o( modem aolhors of 
Ki ^mtinimiy in rapeet lo tiie practical part of luaiajr 
1 Imk JtriBtaUd auay nperations ; I have advat 
f mew ajpcriaicii tt, and pointed out such par 
P jfcc yafoimimrr vt o^n at I have found in the course ofj|| 
Utttht awpcrior to those in general ui 




r performing chemical experimenU, aod'fl 
* Ui geoeral. Buy be considered by some readers >; 
.^t— ■- : imt I mi (iilly convinced that chemistry cannot be U 
tA «Mwwt sctnally applying to the operative part of the science. 
ft b obvious thai success must greatly depend on minute and 
clear iiwtnKtkat : this method of leaching cannot therefore tw 
deemed Intiia^. I have Indeed written fijr beginners : but accu- 
racy and prcciaion are so far from being faults, that they are more 
acceptable even to proficients, than that loose descriptive method 
which leave* the whole detail of tjuantitiet, order, and operation, 
to be rapplied by the trials of the reader himself. 
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SYSTEM 

OP 

rHEORETICAL AND PRACTICAll 

CHEMISTRY. 



PART I. 



SEC¥. I. 
DBFINmON OF CHEMISTRY. 



^HEMISTRY is thai deparHaent of physical idcnce Ihe 

jecL of which a to investigate and HcconDt for thr changes pn>- 

duced \a all boi^cs in nature, by the mutual actioa of theii put* 

bMKn each otheri by means of which their physical piopeitiH an 

^^^■ted, aad their iodividuaUty destroyed. 

Ii* Tlie method which cbemutiy employs to favot the action of 
bodies upon each other cunsiati in the proper apptication of 
tboee aubttances to each other, which expcricaco bat taogbt ni 



, METHOD OF PERFORMING CHEMICAL 
OPERATIONS. 



10^ 



CBKSkAL MATVSS OV QBtMUrmT. 



I 



are beat ealcabted u produce certain chjage*, tlisl> I 
dtcf, would othcrwiM be too mioatc to adcci ihc c 

Thow opcratiotu tfantoclves are called CHEMICAL I 
CSSS&S. or EXPEfUM£NTS. 



3. GBNEBAL NATUEE OF CHEMISTRY. 

Cheiniitr7 therelbre contiut in a (lejfil of those facts ^ 
ire fonnded oo eiperiiitetiu anfl ofj^ruatisni. Ila baiis b 
PERIENCEi from this, by regular conclusions, it dwh 
THEORY, and connects a series of accurately ettablisbcd fii 
into a certain ordet, califd a BYSTEM. 

It follows' ffom tlu4 that ihe uidcofie cf f Vm'i rfll iralli I 
■tnctly speaking, only [irobablc, bm not absolutrlj 
"Itiis probability however is so much the greater, as the c 
mcnts on which the observations are founded are more i 
rous, and have been more jaceurately performed, 
MCeptions then being made, we may venture to consider the Q 
suits which otfer tbemselvca.as.UUE, till oiber facts ai 
which in a more satisfactory manner prove their fallacy. 

It has been thus, byisimple eipesimentB and obae 
iie'scicnce has iieen enriched with a alore of facts, 
Iia»e been graduillly connected ti^ether, and a 
order es appeared most proper for exhibiting their r 
Jation to each other ; and, (at the same time) for Tcfen-iai 
to a smaller number of general heads, in order tt 
witbtheleaitdifficnlty, and tatncetbe Imvi that regulated 






D llifl>ILT*KCB or CHMII 



SUBJECTS *BD IMPORTANCB 




xVlL material bodies arc tlie subject* of cbcoiical m^trcb. 
Tbe Rol'd niailers compouug llic Icrrcatrial mass of tbe, globe we 
inJubiti the oi^iKoiu fiuidi which penetrate iu cavities, at flost 
about its surlace ; the mgre uibtle gazcous maUer circumfUMd 
«rouR<l it I tbe agencies of beat, tight, ajid other tnipaiidcrablR 
fub,4t3i\c(« e\paaded tbioogb spact, ux, ivbjtxtt Six ibc chcouot 
pbilosDphei. 

Tbe cvesis wbicb cbemi^Cry holcU out ut equal U> and per- 
h3p« more impoitauL than those wbicb bel'ing to incchauical 
phildsopbf. It esCemls iiscU into the province of active life 
ia tbe luiT&iag motber and guide of iuaumerable irapottonl ait*. 
The artsof dyii^. bleaching, tanning, glass -making, piiiitiag, tb« 
norking of ntel^s, kc. are purely cbemieal. /Ignculture can 
Qn\y. be ratio;ially improved by callJDg in tbs aMtituncc of 
cbemieal plulo»opber ) for it is dicmiitrji which explains tbaj 
pbeootneoa of vegetalioa, gernunalioia, tbe growib, tba ripeo- 
itig, ^nd (he dfalh of plants, 

Ths GAHseMEB, wboK employments ^k taatc curiaui thaa 
th««e uf tike fanner, e<)ually need) ii» at^iauncc. The natorv 
(}f tb« dideteat manures necessary for tlie various kinds of vege- 
Ubte«, ifao ioflueoce bf liglit, the dijSVrreai temperuurct, the 
quantity ^f oxiksture, the pre«en'3t>oii of jecdt, roots, plants, 
&c. ar? all /tUu^ed upoft chemical piioi^iplt'S. 

Clwm>«iry likewise dlxects the laboncs of the mmnvunk* 

«a4 tbo «t:ti<u.-ECQ>t(MiisT. In tb«DA|at milk cannot bek^l 
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tweet and fresh, butter cannot be roade, cheese cannabe 
witliout a skill founded wholly upon chemical piinciplt 

The CULIHART AST, for preparing wholesome and nutritiou 
food; and the method of preserving baron, hams, and other ai* 
taal and vegetable substances, ia entirely chemical. 

The whole jbocess of the vintage, the an of the b 
tnd distiller, (he )»'eparaCioii of cyder, perry, and home- 
wine*, all depend upon chemical principles. 

Id HBDiciKE aod FHAKMAcv great benefits have beendednl 
from the discoveries of chemical philosopher 

The chemist begins his enquiries where those of the natural Mf 
torian and those of ihe natural philosopher terminate. Thfrflrii 
of these examines bodies, in order to arrange them into eefut 
classes, genera, and species ; the second investigates the 
properties of objects, such as their density, elasticity, figuitt.! 
and calculates the relative forces of their mechanical actioni. 
Thf rhfimist however goes further;. ..he looks into thciH 
intimate atniciure of substances ; he separates (heir hetero^lb 
neons particles from each other ; he resolves ihem further ll 
their simple or elementary substances, and examines their oaB 
and properties when in a detached or simple state. He A 
learns Iheir reciprocal relation to each other, and becomes I 
abled to re-combine them in proportions diffi^rt- ni from tbosC' 
which they were united by nature, in order to form new and U 
Jul compounds," which nature herself does rot produce. 

But chemialiy is not only valuable as an art which sujffttGj 
many of our wants, our comforts, and luxuries ; itsobjecwi 
lublime and beautiful in another point of view, ..it removesB 
veil from the fabric of nature, and makes us acquainted with) 
the phenomena which happen aronnd us. ..it affords pleasute' 
the senses, and calls into action a landable curiosity, which -(fi 
rflcteriies the minds of ihoie who are of a scientific turn, exd 
ing at the same lime a spirit of rational enquiiy, which is capabi 
of producing the must beautiful and atriking phenomena, 
calculated to scrveas an instructive and ratioaal amusement. 
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what lias been already stated, i( becotneit obvio 
islry may be considered buth as a scieace and as an 
science, it maj be said to be of modern date; bul as an 
nust be coeval with the eailiesl eserriac i»f llie industry* 
j for many operations now considered chemical, cer- 
lusi owe their invention to the immediate wants of Boci- 
The method of kindling fires, the aiTs of bakicg bread, 
ilding clays, and burning them into pottery ; estraeting me- 
tals from their ores, the methods of working them, and viri- 
ous other processes, were certainly known to the antk- 
< DiLuvi.'NS. If we attempt to trace its birth, as a science, we 
'find it originating in &bles and obstnirfty ; nor indeed could 
■dro derive any chemical advantage, if it were possible to djspcl 
tbe cloud by which it is enveloped. 

Whether Tubal-Cain who is stated to have been a worker 
in metals, whether Noah who made wine, and who preserved 
tiie re(|uiaite siores of provisions in llic ark, during the deluge, 
wliether Moses who burnt the golden calf of the Israelites, or 
wbclJicr Cleopatra who is said to have dissolved a pearl, under* 
stood chemistry, are (juestions important perhaps to the antlqua* 
rian, but of little value to the chemist. It is more plausible to 
suppose thai a icience so much depending on the state of the 
an*, the dviliiacior. of man, and the experience of ages, couid 
not possibly exist in such a remote time. But, as it would be in 
, lome respect unpardonable for those who devote themiclves to 
~ A3 ~ 



ihc study of chemistry, to be utterSy unacquainted » 
toty, we shall sbonl)' notice the ouiUnes of this biat 
the d^a of the progressive discoveries of 
led to ihe establishment of the science. 

The pHtEHictiS! were the first who applied l! 
eiaminatioB of the effect of difFereni bodies upon CMhg 
which may be called cbcmkal. They invented the art of fl^ 
garments xrith a purple-coloured matter, produced by a || 
ofshell-lisli. They were liVewise the inventors of majEifl 
artificial gems, perliimes, and odoriferous bilsama. 
invented the art of preKrving tlie ii-uits of vaiiow | 
vegetable*. 
•' The CARTqAGiiiiAKs, who were a colony of the Fb( 
learut their tuts ; but the priests in vhose bands Ihe \ 
was retained, handed them to their successors Kiled i 
^y[^ic mystery. • 

The Gheciaks derived their arts depending upon i 
principles tram the PhiciiicLUiB. They practiced all the J 
tiofls of their predecessors successfully. 

It isnatural that the obvious difference or changes of tbcl 
that surrotmd we could oot escape the notice of a pcople-fl 
philosc^ical a turn of mind as the Grecians ; henee botli'^ 
toUe and Empedoclps taught the doctrine of the four si 
dements, ait, eanh, fire, and water. 

The BoMAHS, who were not distinguished among the d 
of the ancient world as discoverers in the arts, or inventa 
tdence, after having conquered and subjugated almost alltl 
civilitcd parts of the earth, arduously cultivated the arts of il 
mastera, the Grecians. ITicy understood the art of making ex*^ 
cellcnt wines and ardent spirit. They knew the application «f I 
fnanures. They prepared incombuatiblc cloth for wrapping ii|tl 
le dead bodies which were destined to be bumt, in order ta.r 
reserve ibeir aslics distinct from those of the fiineral pile, Thei ',i 
louldcd clays, and converted them, by burning, into ditfrjcut ! 
winds of pottery ; they were also acqtiainled with almost all ' 



F'Aemenbt aodlhe modioli* of coming them. Theyw 
in the culinary art. Their cooks invented delicious saocet, i 



Ituturifts ftr tbeir tobVe. And the n 
OThrr works of architecture, e 
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Bqi all the «rli, the sciences, jind literMute of the Romaiu 
and Greeks were destined to amk into oblivion. Hosts of har- 
barian cooquerore descended upon them from the North] 
energies of civilization n'ithercd at ihcit touch, and 
■were destroyed before them. 

Driven from E'lropi*, the arts obtained an asylum vith 
AaABiAKs, who improved many, and applied ihem to mcdicii 
' The attachment of this naGoo to magic, and their inclination 
the mflrvellouB, soon increased the mysteries In which the artt 
were then already involved ; and hence alchemy, or the art of 
transmuting base metals into gold, took its rise. This happened 
, about the commencement of the fourth ceotnry. 

As this delusive dream of the imagination held out a but to 
fvarite, it soon acfiiiircd a train of follovi^ers. Intoxicated with 
the idea of the boundless wealth that would reward success, 
thegreatobject was the philosopher's stone, and the possibility of 
the discovery of sm nniveraal medicine, which should cure every 
disease, and give immortal health and life to embodied man. 
The research was pursued with an ardour which no disappoint- 
ment conld damp, and the mnnia spread from one country to an- 
other. In Egypt it attracted llie attention of the goTemm'int, 
Diii-'lesian, apprtjiensive that the dreams of the alchemists 
ml^t he realized, ordered all their hooks to be burnt, in order 
ihat he might subdue them with more facility, 

AftP.r this period the alchemists were strongly opposed by se- 

vei-aJ able and learned men. They were considered as people 

^who held intercourse with malevolent spirits. Roger Bacon, the 

., jvho is supposed to be the inventor of gun-powder, 

a cKCommnnicaled hy the Pope and imprisoned ten years, lor 

jpoied dealings with tlie Devil; andFaracehiis was thought 
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have an eviJ spirit con^Ded in the pommel of bis sword. Il 
deed, many of tbe adherents of alcbemy eodovoured to cnfoil 
the belief of charms and spells ) Paracelatu, the moat tmpc 
tuoiu man, who, io oxtentation and Via buipaa^ed all bis pH 
ilecessor alcbemtsis, promised immorlaliiy ui this woiM to id 
foUawei>, but bis premature death, which happened in 1M| 
exposed his vanily, and blasted all their hopes. 

It would swpass our limits, were we to give a cirruxrutaolii 
detail of the state of the chemical sits at that period. It wiBtc 
readily conjectured, that owing to the great numbers of expqi 
ments which were performed amongst the alchemists, maayll 
loable discoveries must have been made unintentionally. It 
alchemists actually collected a rich store of important cberoicd 
fe:is, and if liiey did not succeed in drawing gold from I 
fiiniaces, they produced those materials on which the truesdt 
fjf chemistry was afterwards erected : for as yet the tcienee J 
chemistry did not exist. ^^ 

At ibe end of the seventeenth century chemistry began to a 
some a scientific form. The scattered chemical facts which IC 
alchemist had discovered were collected, arranged, and red 
to principles. 

The first chemical writer that excites our notice is Becfaq 
This man collected all the facts which were noticed before II 
and poiotcd gut many important objects to which the researcfatt 
of chemists ought to be directed. The publicat 
Phyiica Sulterranea, in i66g, forms a very important jera in tib; 
hiatoty of chetntsiry. At that period chemistry escaped for evtt 
from the trammels of alchemy, and became the rudiments of die 
science which we find at present. Becher distinguished himself 
SO highly by his chemical knowledge as to caufie the names of all 
former theorists to be forgotten, after having laid the foundatioD 
to the famous system of phlogiston. He died in the year 1682. 
Soon after his death arose one of bis pupils, whose name wai 
Stahl. He simplified and improved the doctrine of his master 
pomuch that he made it entirely his own; and accordingly it 
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bas been knowD ner since by the name of (be Stahlvaix TAeorjr*^ 
I He wag ibe first who bad a rlear notiati of clicmicnl d 

gives many iastancea of double elective attractions. Hii; writings ^ 
bare done him immoctal honour, and ranked him amongst tba '■' 
first character* of the age in nhidi be bveil. He died ii 
year 1704. 

Ever since the death of these diemiEts, ehemisiry has been 
cultivated with succrs;. Men of eminimce have appeared evecjtj 
wiicre, discoveries h.ivc been aiuhiplied whicii led t< 
important facts. The names of Margraaf, Schccle, Be^nii 
Bsume, Boiienej Sec. will remain distinguished in lb 
chemical science. 

Tilt: spirit of chemical cnquirj- which these philosopherB hadlfl 
fused summoned on a sadden into action ihe faculties of the motC^ 
learned men of Kurope. Several of the iiivisibie agent* wliiA I 
form so important a part in the (Economy of ii.iture were diseove- 1 
red. Dr. Priestley discovered in 1777, various aerial fluids, for- J 
merly totally unknown to chemists ; Dr. Black traced thc^aws od 
latent neat, and tliscovered (he carbonic add. The scicm 
dectrieiiy was (as icwere) created, tlie thunder was taken 
tile clouds, and the properties of the atmosphere were csamin 
with accuracy. 

All these new discoveries embarrassed the votariti of the d 
trine of Staid ; and the conclusions to which they led, were ofm 
(ucli a nature as to puzzle and to contradict many of the laws of " 
the science. It was requisite lo take but one step further that 
the doctrine of phlogiston might be exploded for ever. Tlit* 
was le/l to Lavoisier. 

Lavoisier, endowed by namre with the moM happy g 
for science, and favoured by his own princely fortune, Knd ti 
liberal bouniy of the FteinJi government, instituted a set 
iogeniou3 aed accurate experiments, the result of wliicb p 
to dcmoTisti*aiian that llie tlicory of plilogislon was founded t 
i experiments were repeated under every diversity 
rattances by all the philosophers of Europe : his reasoning 




TIIW er TB» BISTORT OP CflBMItTlY. 

Kii infermcfs were vigorously aiucked by tbe 

hlogbtic theory) a kind of' chemical war wh tliili 
the republic of letters, which was carrird oD witb 
lityi snd posicrity will sec with rcgrrt, men of 

litDCs divesling tliemaclvcs of the artnoor ef\ 
candour, and cnJeavoaring to serve Jlicir party, 
adverse fellow-labourers with darts stcrpcd in th*)] 
calumny and falsehood. These things hare passed 
contest has been productive of good effects which 
pm the bad ones ; it has occasioned an accu mutation' 
produced a rigid examination of theories and opinions j 
ced accuracy in chemical espcriments, and given that f 
and vigour to the cultivators of tbemij=try which have 
light the mont sublime and unlooked-for truths. 

The principles of Lavoisier have triumphed, alK 
taught in all the iichoob of Europe ; his opixinenis have ' 
come his disciples; and thus he has erected the lumi 
beautiful iheory of chemistry which all the chemists of Etm 
Priestley eicispted, have now adopted. What a pitj- that Utet 
goinary tyranny of Robespierre should not even have spared I 
man, wiio perished on the yth of May, I7y4, under the 
(lie guillotine. 

Amongst the number of philosophers, nho have since thsl t 
cultivated and enriched the new theory of chemistry, with dx 
Venn which will for ever give immortality to their oamea, 
have to notice Aikin, Eabiogten, Bancroft, Beddoes, Blagd 
Cavendish. Chenevis, Crichion, Cruickshank, Ddvy, Lord Di 
doiiald. Lord Dundas, Fordyce, Garnett, Hatchett, Henry, H 
gins, Hope, Howard, Kirwan, Bishop of Landaff, Murray, I 
cLolson, Pearson, Tenant, TiUoch, Thomson, Wedgwood, 
Wollaiton; Achard, Crell, Gilbert, Grcn, Goetling, ilmnbo 
Herrahstaedc, KJaprodi, Lowitz, Richter, Scberer, Tromsdo 
Wr-stnunb, Wifgieb. Bertholet, Chaptal, Fourrroy, Liigranj 
puiton. Van Mens. Proust, Seqnin, Vaoqudin, Btc. kc 



I 



»H YuB conrniict'i.AB tbbdrt. 



CORPUSCULAR THEORY; 



JiNO OH TUB 



NATUKE OF SIMPtE BOBBES. 



PART 11. 



CORPUSCULAB THEOaV. 



Wh 



HEN we contemplate the objects btooh'I us, am 
oiix views Id the gloha wc inhabit, we discuver a vast variety it 
talistaaces which miiy well e:^cite our curicnlty and a 
Biteniioii. Wc perceive our eartli to be a solid globr, composeiil 
of an assemblage of substancrs considerably fixed, and a 
desltoyed without a considerable force of impulje. We obicm^ 
a large part af'il covcreil with an occsn, and numberless >. 
of cold liquid matter lending with great activity to incessant n 
tion. 

Around this eartli and water, to a great but unknown height, 
i( circumfuscd an atmosphere of an impalpable gazeous fluid, in- 
termingied with pf-rtlons jf every solid or aqueoua matter thai 
by an extreme cumminutioa is capable of auspensxon in tliis aeridi 
Said. 

Different opinions have been formed concerning tte <]ue*tioifi 
T this globe w.-vs brought into ihe present disti 

Kof its ports. 
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DtTivES have endeavoured to justify tlie iiccmmr of Mocct, tf 
l.an appeal to ihc present lawi of nature. But Burnet nud 
■ have been easily convicted ufsupposinj; primxval states of 
I iittefly incorapatiblH with these laws. 

Chemists liave conceived tkit the origiD of the earth, ifi Ui^ 
Ipreaent fonn, is trotn a gi:neral liquidity nf itj» whole mUMf ' 
r others again have attributed it to the action of fire. 

M'ltCiNOMEBS have been persuaded that it was opting -to ikc 
action of some cornel, or to an altered arrangt'mcnl of tiie planeBK 

iBut none of these hypotheses are sufficiently consbtcnt with tfcs; 
known laws of nature. We have no Uala to reason from excBfti 
the agencicB of the present phj'sical laws ; if we ventui'C hypo- 
theses incompntible with them, or if we attempt to conjecture wlBrt 
was prior to them, we of course reason unphilosophically. Vti 
shall therefore dismiss tills question, and consider the 
which constitute this earth as Ihey actually nppear before 
When we esamine these substiinces with a mere supe^^d^ 
eye, we afe led (o conclude that they are composed of 
„ 
: 



I parts. If wc citamine the particles of many of those boiliai 
■■■which appear homogeneous, we discover that they coostBt tg 
Irarious distinct substances, whose properties are often wid^ 
Cdifiereijl from those of the whole, of which they form a part. 

Philosophers liave from this inferred, tliat all bodie 

Bconsiat of certain moleculae or particles which never toUch eaijk 

' other in any state hitherto known. When these pa^cles ^ 

rilar, the body which they form is called a compound, M 

heterogeneous body j but when the parlides are similar, ibfd 

n form what is denominated a simple, or homogeneous btk^ 

If, for instance, we take glass, wliicli is a compound body, 

EconsistiDg of silex and potash, and reduce it to powder, each pas* 

jHicle of glaBs, however fine, consists of a particle of iilex and ■' 

r particle of [(otash, bodies which are diasimilat to each othen 

t But if we take a piece of Sulphur, or ii metal, and reduce it 1%* 

I jwwder, the particles which offer thenast^VEs are all alikci for tbo 

nilpbur, or the metal, is a simple body. 



NATURE OF SIMPLE BODIES. 



OIIVIPLE bodies consist of partides wlricb cannot b« fiird 
separated into otJiers of a more simple nature, or reprodol 
by arlificial means, Tlic Inic character of diem i» in 
of properties, unity, and similarity. 

It does not follow from this that these bodies are absoliiq 
simple; on the contrary, it is very possible that they a 
pound. It cannot be doobtetl that, as the science advance 
wards perfection, many of iliem will be found so. Very p 
bly a new set of iimple bodies will offer itself, of which w 
at present Ignorant. These again may perhaps be decomposeil, 
till at last, wheu the science has readied ttie highest degree of 
perfection, those reially elementary substances will come i 
view, of wliich all bodies are ultimately composed 
tliis shall happen the list of simple substances -vUl prDbahl]rj| 
reduced to a much smaller nunUier than at present; 
however does take place we are entitled to couslJer them as il 
, ,ple substances, according to ilie present state of our knowled 
r number amounts now to forty-five. 
3iey tnay be conveniently arranged in the following order J 
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JilMPI.K SUBSTANCES. 



siMvu; <i?>r-vNci> rsoorciBLE by art. 




IN COM BUST I OLE Bonn*. 



Bnryte* 
PoUsIi 



Stroolia 



ITANCES NOT YET PRODUCIBLE BY ABT, 

■ OT 

ALOGICALLY CONSIDBaEO AS SIMPU- 
Oxigen 

Nitrogen 

Fluoric nidical 
Boracic radical. 
t the boiliw which the cwpusculai" theory conaiden ■» 
le, and to vJiidi ebeaiita] writus have given die appellaiiaii 
ADfCALS, Some can c% be ejJiibiled to our view io thcii 
le state, ctlten on the pODljary have not yf^i baen aac- 
aUy exhibited expeTimcatally, \ininsu)ated. Their exis- 
!.can nevertheleiis be inferred from Che analog; of certaiu 
well eBtabliibed facts,- 



THE NATURE 



CHEMICAIi ACTION. 



PAHT 111, 



HE diflcrent anions which result from the proper applj 
the bodies enumerated before, when cither in a aimpi 
when combined logelher, are founded on certain 
«nt in all matter. This we take for granted and contid 
ti without pretending to explain how bodies came tob 
icd of these agencies, or how they are capable of cxertii 
Philoiophera therefore express the unknown causes wlik 
M the changes by the metaphors of ATTRACTION an 
FLSION. 

Before we attempt to give an explanation of these teni 
U endeavour to exemplify what h understood by cbcmii 
] m general. We tiicrefore flatter ourselves that the fi 
; simple facts intended for that porpose, wil 
'olous, our chief object being to advance in this place 
Ipable, positive, and negative proofs which show, that 
chemical action takes plaL-c, the propetties of bodw 
altered, and their individuality dcsuoyed, 




SIAHCBI OP CBKHICAL ACTIOH. 



tNSTANCES OF CHEMICAL ACTION 



JLrfET a »to,tll portion of marWc, or chalk, reduced h 
]>e difiiued in a qitantity cl' water, the marblo presented t 
the wBtcr will fall Id the bottom ot' ibe vcsael and remain uofll^ 
tered. On sbaking up the whole, a wbile tiirbid mixture v 
be formed, but on letting it stand uodjaturbcd, the marble w 
agaiD fall to the bottom and the supernatant fluid remain trans^ 
parent, and unaltered. 

Id thu c^se no chemical action has token place, foe neither 
the properties of iJie marble or the water are altered if ei 
chemically. 

EXPEBIUI'KT n. 



If we let h\i a like qaantity of marble or chalk into anc 
ther fluid, called an acid; for instance, into vinegar, or nili 
inuiiatic, or sulphuric acid, the d&ct then will be dillercnl. 
violent action will take place the instant ihcy come into ci 
tact, ihc marble will gradually disappear in these fluids, and be- 
coine iDo[)f or less dissolved, and a transparent solutioh will be 
obtained. 

In thijcasc a chemical action has- taken place between the 
bodies bnanght into the sphere of aciion, for the properties of 
both the substanceftcan no longer be di:itinguished, their appear* J 
•aces ^- more or lc»s altered, and their individuality de-f 



esriBiMEtir HI. 

It is a well known fact, dial if oil and w 
other tbcy wUl not mix, because vn sensible chemical aj 
place bRtwetn tliun nnder such circumslaoces ; 1 
to titc oil and water a §uffici<^nt quantity of anot 
called an alcali, for instuicc. polaeb or Eoiin. the oil, { 
and thp alcali will then urite and form a saponaceous e 
which hns a milky appearance, and renders watOT'o 

A chemical action has then taltca placr between tl 
properties of the oil, the water, and the potash art Ii 
compound possessing niMw properties has been fomtod 
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If wie put into a phial ec|ual quantities of oil of t 
hi^ily rectified alcobnl, and a concentrated solution tf 
ef potash, and shake them logedier, no chemio* 
tskea place, Ihe different fluids will apparently n 
fering thero to stand undisturbed, they will separat 
arrange themselves into distinct spherules, Tho 
will sink with the greatest celerity, and llitfy will ( 
M.lvcs over each other aceordiog to theu- specific gravil 
di.ff<.-rrnt Ji,M, u-Ul thus he tontained m one phia). t 
Mir bit timstantli) rtmain ffparate. In this instanrt 
nn chemical action takes place betn^en the bodies p 



gach other. 



IKtTAtlCCS «F CBOIIDAI. ACTION. 



£XFKnlH8HI V. 

ttsionofnl^tUTptntinc, ly th-: qfusian tjf niinut a. 

e put into a tea-cup about one table -^poonfiil of oU ol 
tntioe, aod add to U double ttiat (juantity of vrty concentr; 
itrovks acid, a ridcnt action takes place, and &te and flame « 
be produced, 

BEH*fiK..jU ti U our du^ (o point out Ktich ex]<erinicnf 
may prove umafe lo ibosc wfao never applied tbeir bio^ 
the pniaical pari of chemisiiy, we roiut remark ihit i 
formiog this experiment care sliuuld be talccxi to avoid dange 
events; for the cup is sometimes shattered to pieces, AudM 
mixture b thrown about. In all directions to a considerable q 
Oincc i it ta therefore necessary to fasten tlie vessel coi 
rdtrans acid lo thp eai of a loBg atick, in order tliBt the d 
ntoT may be at a distaace wben the aecen&ion takes place, wig 
happpjis the injtant Oic acid comes into ooat,-ict KiUi ibe wUi 



Pro^wtion of Ht<il, fnufficii-itt (0 main wafer ioU.J tylifUi 

k7iiixture nf nuiphuric acid and alcohal, or water. 
half RD ale-glass full of sulphuric acid of commerce be hi 
led with half tliat quantity of alcohol or water, llie mud 
iitly becomes so hot a> to render the gUst iniupportab 
to (lie baads. A sm^l quantity of water contaiDed iu a thia 
'I'fUss tube may Im made lo boil when immersed in it for a few 
mtiiej only. 

iR.-.Great cautioa is likcwiiC necessary in making 9 

III, lett the glass should crack from the sudden U 

^ ihiiJW the mixture about to the manifest duugcr ijif ihc <|| 






IKlTlHCEe OF CBBMICAL JtCTIOII. 



The safcEt method is to mix the two fiuids gratUutUji 
by ihh means the heat is produced slowly; wherca* if berth 

ids are at once mingled togeiber the heat is almost iosianunCMV 
and rises considerably above that of boiling water, 

Experiment Vll 

Production of Sulpluite of Patash. 

If a ceocentrated solution, carbonate of pataih, be mia^dL 
fwith sulphuric acid, the two fluids unite, a very bri>k efl^ 
I vescence talces place, and a solid mass of salt (sulphate ofpaUil^ 
I will be produced. 



These experiments, which shall be more fully considered 
after, are merely advanced to prov^ that the individuality of- 1 
fcrcnt substances becomes destroyed, that is to say, that a c&tf 
mical action takes place when they ore presented to eacb oduS 
tmder such circumatanccs as experience has taught its aie ov^ 
cessary to produce such effects. The conditions, or arlifieii 
arrangements requisite for that purpose, resolve themselves 
the genera] operations of chemiatry ; these shall be circumstaatir 
ally exhibited hereafter. 




■ *rT«*CTI01«. 



THEORY 



ATTIRACTION. 



PART IV. 



L HE terms attraction and lepiubion, in the langua^ of 

dcrn pbilcHnphers, are employed nxetelj as the expTessioa oi 
general facts, that ilie masses or panicles of matter have a 
deucy to npproacli to, or lo recede from one another, and to 

I or repel each alher, under cer 
K>Uuwiiig 
■ AXIOM OK ATnUCTION. 

All bodies whatever have a tendency or power lo attract 
other more or less ; lliey seardi ai It were, and make efforts, i 
lefi 10 tliemselves, to appro.ich one another Id order to unit 
to come into apparent eontad. This energy i) called t 
POWER OF ATTRACTION. 

ThisatiractiotiisiQutuali it entends lo indefinite distances. , 
bodies wLjtever, as well as their component elementary partiel 
are endued with it. It is not annihilated at how great a 
soever wc suppose them to be placed from eacli other j 
docs it disappear though they he arranged ever so near each o 

The nature of this reciprocal attraction, 
which produces ir, is alrtgelher unknown lo us. Wlietlicr H 
inhcri^nl in all matter, or whether it be the i 
some othe.r agent, are qucjiions bi.yond the reach of buai 
itanding ; but its existence is ueverthdesa certain 



I TIIK ENEBCy < 



I ATTXACTIOR. 



SECT. I. 

raoOFs 

OF 

TllK ENERGY OF ATTRACTION. 



J I lA'I'lliriH.wiiml' attraction really exists is obvioos fnuD ti 
£li)(liii-ii licvv III itii- pliciLomcni of nature. It is proved wil 
tiiiiliriiKiiii.il ii'rt:iiiiiy ih:it iIk i-ckatia1 bodies, which cotutitD 
111'- tiil.ir ayni III, iir<^ urjicd towanls each other by a force wliii 
|iiririi'ri ihi'jti iti llidr (1^bil^i. It is further proved beyood Ji 
rtiiiilil IImI ihiN pluni-Liry jltrjction is possessd not only by tl 
|»-iivrri]y iiiiilic-1 :is wholes. Iiiit that it also extends to the smiU 
l>:iih<I<n (iCwhidiilii-y ure tiimu'd, as may be evinced by men 
(•I llir lulliiwiii); rx[HTiim-Hts ; 




Ct ATTBocnOS. 



a bflUt (hew cxperhnenta "we mc that tliere rxicb aii altned 
uin llic pnnictM uf nmcurjr; b ibc Unt, the ^U 
wliich aro in contact wiUi ilic plalc of glaaB iewic At* B*!>m 
comi^etely, lilcy altraol each other and foim » sphnrc g 
bulk. A mere incjt Qoiij would in 11117 viae rel 
it onca posscased. It nould not be endued with n globular \ 
uakas a real recipiocMJ pltracliQU among iis particle* took p 
vbid) in tlic latter experiment ii still more itrlkiHg, fut ir 
is nut only sitporior to graritaUon, but actually orercoRi 
Oi*.crna! farce. 

EXFERIMIXT IIL 



If .1 gUss lube of a fine bore be immersed in wattr, coi 
cd in any «cs)«l, the tttud will ascend to a i^criain lidgiii u 
tlio tube above its level, and lis elevation in several tubes of i 
fcrent »laes will be reciprocaiiy as thediamctcrof their bores J 

Thit kind of attraction «-hich takes place as wcH-eti vacuum 
ths open air, has been callud capillary attraction. It ii l] 
iriciion whicli causes water to rise in sponge, doth, 
sand, Sc. for all tliese itubsisnces may be considered t 
lubes in which the fluid ascumls. 

/fcina/-*-.-.ThE nscension of fltiida in glass tubes of a fine 
aucc-i.-e(ls be»t wbcn tlie inside of the tube has been prerion 
lUoiatened. which tuny coovouenUy he done by blowing tl 
U with the muutli. And if the water be coloiired wiiJi a I 
red ur btock ink it« ascension will be more obvious, pariiuil. 
it' ibe tube be held agai nst n ahect of white paper. 



i 



E.\rEBiiv 



r rv. 



two plates of glass, previously wetted be made to meet 4 
tmc side, snd be kejM. open at the otiicr, at a iinall disUnce, ii 
Ibe Innrrpositlon of a ahilUag, or any other tliin substnncc, 

ilu-11 ^mme.rif.i in wAirr, Uie fluid wUI aseci..! bi:trvecn thr 
V. 4 



|iUle* oncqiuUy. Its upper tnr&ce will (ana a 
the bri|liu of the tetcral paints above the ntHscc of d 
will be In one wi^tber tcdprocally, ai theit pcrpcadion 
(lace Jnxa tbc line \a nhict) liic pUte« meet. The ratio q 
■Unction it ihercfonai Ihe squares uf ibr mcicmenU with 
(he pble* op<»' 

Hett ibeo we liare two other insunces that an sto 
nS* among (iic particles of bodies. For in both cas 
Uw dnid hu left the contiguous mass, contrary to IJ 
grarilalion. It is drawn up as it were, or attracted by tl 
Vplue ofglatl. 

ExrEEtMBNT V. 

If we immme a piece of tin, lead, bismuth, silver, o 
I tntfriuy, and draw it oul again immcdiatelf, tbc 

U Mnct the meUl, and liie Utter will carry with it a portjoS 1 
t ll» (oreia, wliicb will stick to it so obstiuately as to be ij 

0tlfnetcftiaioa. 
, tligft csiH* thrrelcTe an attrition between |he diSereot n 

It hrm^ )n amiaci with each other. 

ExraaiMBNT VI. 

tf H miM Mich be dipl In watL-r, or any other flni^ 
tfr»» »m. iMHi. a dfijp will be found hanging at 1 
..I _.,..( |-,j,,„ ■IV drop is spherical, becaoi 
! "lerti an equal force in every t 
■I'll.-* tnwards it on eve-ry side a 
r""- ■-'■"-■-• 
Ttai til' sTjf (imnation erf drops obviously deoiond 
■ttM liiere niu«l <Mi»i u twisr which produces that effect. 
■ .i'lle to experience that is r. 
- 'Irops; since by ihc weight « 
■ 'l on solid budics are fattened 
II -.■i^.'^-iiji i.jrni pfcvttiled. 



> at tat. nzasT t 



To expbii) ihi* pfcmomimoD ibcre renuiDi ftoly il« power « 
[sltractioa, acting between (he partidei oi the W^vaA body, far il 
ijt is supposed that ihe panicles of a Buhttaarc redprocaDjrai 
each other with equal foicc. and their aptitude fof being m 
I Upon one another be gnrst ecou^ lo overcome in^ itnpcdimcaitl 
\ta their motion, il follows by the prlndplci o{ mecfaanici, thati 
the eqailibtimn of tlie attractive forces can oiily liht place « 
the mass his recelvr^d a globular form. 

Hence it \t that all liquid bodies asstune a spherical fi^ure-l 
wfaen suffered to fall through Ihe air, nr form drops. 

Whether the attractiotu of graiHtatiaa and of cohesion, be, i 
be not coDsidercd as essentially the same, is not our busines* t« 
consider here ; there is dilfeTcnce enough between them to allai 
t very aecaralc ejamiaatioD oJ each. 
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SECT. II. 



DIVISION OF ATTRACTION. 



T- 
HOUGH we are unable to discover the cause of the mutual 

attraction^ experience has proveu to us that this agency foUows 

certain conditions or laws 5 for similar phenomena always pre* 

bent themselves^ whenever the circumstances of experiment are 

the same. 

Observation has taught us that attraction takes place between 

< 

bodies of the same kind, and bodies of a diflferent kind. Tbi^ 
first agency is called by physical writers corpuscular attraction, at 
attraction of aggregation ; molecular attraction 5 attraction ^ 
cohesion, ojr the cohesive power. 

The latter is termed chemical attraction, chemical affinity: w 
affinity of composition. But before we consider this subject any 
further we shall give an idea of what has been called repulsion. 



TIIEOMy OF R£Pin.(10l 



THEORY 



KEPULSION. 



PAllT V. 



XT was mentioned before (page 2i) thab all matter posiMMtl 
besides atuaclion, anfllbcr power which b in conitaQt oppotition I 
to the former. Tliis agencj which is equally pov/crful and oqua 
obvious acts an important part in the phenomena of na 
19 called the power of repulsion. 

AXIOM 



AU bodies are endued with a certain power whose con 
tendency ia to oppose their approach towards each other, ■ 
remove llie pirtldes of matter to a greater distance. 



THE ENERGY OI' REPULSION. 



JL HAT there exisU a force which opposes the appi 

dies low-ardB each other is evident from numberless fi 

Newton has shown that when a convejt lens ii 

a flat glass it remains at a distance of the -^ part oC'i 

and a very considerable pressure is required lo diminisn j 

' lance ; nor does any forte which can be applied bring d 

actual mathematical contact ; a force may indeed be ap[ 

cieni to break the glasses into pieces, but it may be d 

that it does not diminish their diatmce much beyond the j 

' of an inch. There is therefore a repulsive force whidi J 

rhe two glasses from touching each other. 

Boscowich has shown that when an ivory billiard-ball 
j nother in motion by striking against it, an equal qcii 
its own motion is lost, and the ball at rest begins to n 
the otlier is still at a distance. 

Tliere esists therefore a repulsion between bodies ; t 
fiion takes place while they are yet at a distance from e 
I and it opposes their approach towards each other. 

The cause or the nature of this force is equally i: 
witli that of attraction, but its existence is undoubted ; it 3 
as far as has been ascertained inversely as the square of.fl 
tance, cnnsequcnlly at the point of contact it is infinite, T 

The f jUowing experiment! will scnc to prove the < 
repulsion more lull;^. 



I 
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Wc hai-p seen (nqicrinient Ul. p. 23) that when a glass tuU 
immersed in traler the fluid is attracted by the glass and I 
drawn up into the tube i but if-wc substitnle mercury instead of I 
water wc »hal1 lind a difltffent cficct. Ifaglass itLhe of any bctisa 
be immersed in this Buid it dues not rise, but the surface 
the mctcury h considerably below the level of that which i 
ronndd it. 

In this caei- therefore a repulsion take* place between tVe gla 
and the mercuiy which U ev<:n considerably g;rcater than the ai 
fraction existing between the particles of the mercury, and lieu 
the latter canitot use in Ihe Lube, but is repelled, and beco 
depressed. 

EXPBBIMBST 11- 



When we prtsi-nt the nortli prti; of a magnet A, to tlie a 
polp of another magnet B, siiiqtendcd on a pivot, and at fiberty t; 
move, tlin magnet B, will recede as the other approaches ; s 
l>y fullowing it vith A, at a proper distance, it may be made t^ 
turn round on its pivot with considerable velocity 

In this rase (here is evidently some agency which opnoses t 
3pi)ro3ch of ihe north poles of A and B, which acts as 
gunisi, and causes the moveable magnet to retire before t 
oiher. There is therefore a repuhloa between the two magoetiul 
a reimWon wluch increases with the power of the magnebijf 
whicji may be made so great thai all the force of a strong man is 
insufficieni to make the two norih poles touch each other. ..Hie 
'.inw (L-imUion is equally obvious en electrical bodies, 



Expi 



r III. 



it tu'o bibrII cork balls be suspended from a body with sin 
tJiieads so as to tonch one another, and if we charge the body b 




INSTAMCBt «r COSrOlCtJLaa ATTUI 



INSTANCES 



CORPUSCULAR, ATniACT!ON 



L HE sinil>lest case of the exertion of corpusculxr attrsctiofl 
is that, where two bodieg placed in mutual contact witk cidi 
> Other form a direct union, without changing tbeir dmnlul 
properties. 

EXPXIIMBKT I. 

If different partides of uilphur be melted together, they 
form an unifonn mass or whole, the particles af which ut 
held together by virtue of the power of corpiucular Utraction, 
but the properties of the )>o(Iy are not altered. 

The same effect takes pbcc when pieces of the nine meut 
or particles of resin, w», Sec. are united in a similar oiafmrr. 

ImiuineTable other instances might be advanced, were not the 
tubject obvious to every one. 

MEASUREMEiSrr 



CORPUSCULAR ATTBACION. 



I .. 

measured by the weight orcessary to drmolish it. TTius if * ^ 
mA of metal, glast, wood, JJrc. be suspeoded m a perpendicidar I 
direction, and wtights be attached tojts lower extremity till UIb j 
rod is broken by them, the weight attached to the rod jo« be- 
fore It broke is the measure of the cohcsiTC force of the rod. j 
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GENERAL LAWS 



CORPUSCULAR ATTRACTION, 



Law l....The agency of corputcular attraction acts Mlg i 
inKtuilU distanca ; Usfora increasbb as ike distance ^i 
bodies presented to rack other Dbckiaibs, and as the arfk 
efapparem contact are more itumerous. 

ExFESIMEMT I. 

Xfwi; take two sections of a leaden ball, having each a flat a 
(iriwjlli surface, anil prnss them forcibly together, they willc* 




OSMUAL LATOS OP CaiPtTtCDfctl *TTUCT1B>. 



ii each other ia naeof poiau It hn bnn Ddiad 
s thread cm be uitoTOaed, btii not tvo. 
Mfc of the 3(nK«]ilmr b«* tra iafittacc i» theK cx- 

', &ir tbej' aiocrrd etiinUjr veil m mcm m in l&e o^pen 

I (bia »ccotuit tliat urpcaten, wImii tbey inicnd 
'"^ne pieces of wiiMtogctlia, jiknc the mriaes pcdtciljr 
before tbey apply the glue ; ami tfiti, Ibe tarfacKt of ttnttU 
d dcoo before they are toUcrcd. &c. 
; the cotpuscitUr ^Hractian alwifi rnnidKS 
Balincc ii meafunhlc, sod txcomm cKccrdu^}- great wl 
F the distance U exccedingiy ifiiilhuihcd. bat tfac 
c wiiicb thii powiir fidloun is itiU unkDuwD, a* we bi*e 
QKthod of me&iiuriug rithet ihe cBfUnce «t wludi it acts, 
^kUiKc inicDsity. 



4 




.„CoTpuscitlt^r,.aitTiu.twi ecu diffifrmlt^ in i^ffcrral M 
ts ; according to tlu degnr ^ forte urttk which *'/ acll S 
n du partUla 1^ mtttlrr,,the tadUt opf^tar wtdtr ^Sl*!'* 



n this account that roclc-ctyjtAt, ' fllU, lUainnncI I 
' "Variouji other precious <Rones arc extremely hard, for ihc cc 
coUr attraclioD uoitej llic partirtu nf theu.- bodiu with a 

B:e of force, HcDcc a counitlcrablc mechaoical effort ii 
ry to die unite them. 
In blocks of Qisrble, chalk, Ume-ntotte, Sfc. the pi 
■ogethcr with a force considerably Ic^s. In these b 
^i.i>:titt aU relative motion among the particles thenuclvet, i 
hence (he rootion of one particle is followed by the motion ol 
; or If fliai 18 ^possible, 'the cohesion i 
ani the piece breiki. 
C2 
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3. The intrgrant parts of Wax, tallow, snet, or lard, mijr 
nude to change their situations, with aless degree of force tk 
tbe former. 

In Iheie lubatancei the motion of one particle of the h> 
b Dfrt nocciurily followed by that of all the rest, nritber docs d 
motion dc»trtiy the cohesion, nor break them. 

4. TJic particles of water, spirit, and ether, nwve or slides 
axil otjier very readily ; hence their resistance ia 



i|l, And lastly, vapours, the air of the atmosphere, ; 
WltTl jirH tp the slightest possible impulse. 



daim 



Law \ll.,.CoTpuicular attraction nay lie annihilated hy eva 

ffftrt which tmdi to separate the particles of bodies. 

It need hardly be mentioned diat all cneehanicsl forces, sue 
as grinding, cutting, filing, rasping, pounding, breafcing, &c. ai 
of this n 
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THE NATURE 

OP 

CHEMICAL AFFINITY, 
I AFPINITY OF COMPOSITION. 



PART VII. 

SECT. I. 

THEORY 

CHEMICAL AFFINTIY. 



FiNlTYorcompositioD. or chemical affinity, is that power,! 
i of which ihc particles of bodiej, whether simple 
compound, attract each other so intimately as to producu an ui 
form whole, totally inseparable by mechanical efforts, and whoM 
diaiacteriatic properties are ofien different, and sometimes con- 
trary to those of its constituent parts. 

It is obvious from this, that the particles of those bodies which 
are united by virtue of chemical affinity, form not a mete ag'^ 
grcgate, but an entire new body, which can only be altered b; 
another chemical power. 
C 3 
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ON THE NATUKB OF CHEMICAL AFFIVITT. 



In considering this kind of affinity^ it will be ifeceBmy to 
state; 

In what manner it takes place between the partidet of difie* 
rent bodies 3 

In what proportion they are capable of combining; 

Under what conditions ; 

With what degree of force they unite 5 

And what takes place when a variety of different substances 
are made to act upon each other at the same time^ oiider cer- 
tain circumstances and in different proportions. 

Hence affinity of composition is of greater importance than 
corpuscular attraction^ or affinity of aggregation, - for it takes 
place in all the complex operations of chemisty. 

These topics will form the subject of the following seqtipiu. 
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CHEMICAL AFFINITY. 



Jl O prm-c that chemical affinity acts differently from allndiWi 
L.f aggregation; tiiai it lakes place between the ultimate conid- 
tiient parts ofbodies; and ihat it produces tubstaacu pouei** 
ing propertiei, frequemdy reiy diffcrcm, and soraetimes contrtry 
to tl}ose of tie constitucDt partsj the following expci-imcntB may 



Formation of sulphtret of mercury. 



Put into a crucible placed in a coal fire> equal parts by wei^ 
of sulphur aod mercury j stir the two substances together for a 
few minutes, and when the (ulphur is melted, pour the cojitentt 
out on a marble slab, or piece of glass preTiouHly warmed a 
greased. 

The substance obtained 1^ thU means is a sulpkuret of mtr 
cury, in which the mercury and sulphur are united by • 
chemical affinity; for the compound has neitlier th? colour, tlie 
splendour, tlie inflammability, the volatility, nor the specific 
gravity of either of its constituent parts; nor can the suli 
mercury be separated by mechanical means ; they are thcrcfoij 
chemically united. 

C 4 



NtTAXCIl OF catHicju AmaZTT. 



A M<lii< ntlor of mirrcury and 
I' si ami iiifTL'iiry, on bring triturated togetfan-infliD^ta 
Ht.i<l. 

ll isuhvimiS Irtimlhis, that mh^n rtiitwir.! ...i^lifWB^J 

|il;ti'-, ilir i:i mi |Mii nil which in fonncd does oMpouatftfd 
mrrriy iiiirniinliuir b<:twMn thoK of its coaqmoent pam^bat 
iti'i|iijri-'l lAiirih iiiorc or le» new. This howercr doa mil 
guilt ill dll ruM-N. llirri; are I'ariotu coinUutiaDS inria^ 
firujicitiiri ul Uudici aiu only sUghtly altered. 



I««T*NC« OrCUBlIICAl 



Two aiioroiii and pungent t-iitiej produce a nompmnd lltstilatc 

Walet imprcgiiaicil wiili amuionb aiiJ coiiccnirHtPii miiriati 
acid, both fluids af a sirong odour, wlieii mixed logcthcr 1 
proper propoitions, instsiitly lose cLcii odour, and form a t1ui(t) 
void of sBieii, (muriate of (wimoniit,) 

EsPeeiMCKT VI. 

Timjluid hodics produce a solid, ic/wn niingkd la^tlher. 

fFormation of tulpkate of timrj 

Into a saturated solution of muriate uf lime, let f^U gtiidualljn 
COncentrytBd suljihuric a(-id, a quantity of pungent vapour v 
become disengaged, (muriatic acid gas,) and from tlie two flwiii^ 
will tluii br/ [jroduced an almost solid compound, called ^ulphati 



t 



Two solid bodies produce ajlaid, iy n 



eijual parts of fre^.h crystslliicd acelite of lead and ai 
lous siOphatc of alumine aud potash, be nibbed togetlier 
inatcJy in a Monc mitrlar, die saline mixture will soon bccorai 
soA, and lastly fluid. 

A like effect is produced by treating in a similar maimcs 
equal parld of cn-suUi/cil nitrate of ammonia and jndphatr 
soda. 
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EXPEIUMENTAI. PROOFS 



HE LAWS OF CHEMICAL AFFmnY 



•w I... Chemical trghily ran extrt Ut «ei 

iff.hoiiitt, simple or eomfvvnd, and tmlte them tbemicalfy hta 

Mtr wSolr. 

( PHOOFS OF LAW L 

plffiB£ ece *a infinite vmrictyor nnnpound*, cannilJn^ of 1 
|»e, four, fiTc or moresijnplosbbstanccslnnaniTei and on can ' 
^ rSkn combinations in whjch tliac arc mnny simple bodiea 
t£iniraliy united into one wbole. 
It frequenilj' happens ihat various sqiarale budit!» presealnl to I 
ai oUicr in a fluid, unite and form a single maM} which pos- 
Ires all the characters of 3ji bomDgencouii cnrnpound, sad which 
tains these character* till its composition ban been altered b^ I 
emlcal mesne . 

A considerable numbel of triple sjlis arc knovD, which conirist 
^ IkKc di&rent substancei) for instance, the common aluni of ] 
Qtmetce consists of sulphuricacid united to alumine and potash ' 
teda. Tbc aalt formed^ called microcosmic salt or [liiosphate 
, soda and afnnionia, consists of phosfdipric acid united to soda. I 
d ammonia, i-c. When the oxigenated muriate of taetcjay is 
Scipiiated by the precise quantity of carbonitte of flodj which is ] 
^jnisite lo cD'ect its dccomposiLion, the precipitate lObUincil J 
nuius omriatic aciil, carbonic acid, and <Hii4,of Otfrcuiy ii 



^^Hitlt 



ExPEniHGN 




Xtit;^ of dry L'arbonntc of ioja and urtareoiit acid 
^^*^Scthcr, and pul the niixduc into (i wine-g!a»i, no 
"*^ S*' will be ptodueed ■, bul if walcr be added, or d- 
^^^Its be previously diitolvcd, a viok-DI el&rraivencc 

^^ chemical union ix obtained. 
^ added is of use merely to overcome fbe mbuncc 
"^ ftom ihc cohesion of the particles of ihe sails iu- 
^**^ brought into ihe s|>he[c of action, or to increase 
^^ contact. 

EXPEKIMEMT II. 

^^t fall a crystal, or lump of fluot spar (fiuaie of linif J 
-^titrated aulplwric acid, no sensible action «'ill takn 
**^i the mlpimric acid and the fluatc of lime remain itn- 
out if tiic former he reduced lo powder, and tbcfl 
Vnto contact with the acid, a considerable action instantly 
■*cc, the sulphuric acid unites to oiic of the conitilueni 
- the fluor epar, namely, to tlie lime, and its other con- 
t part, the fluoric acid, becomes dlseng.iged in the sL-ile 
te Vapour, or fluuric acid gas. 



EXFBRItr 



r 111. 



cryilaliwd sulphate of alumine, or nilpbatc of soda, and ace- 

f lead are broagbt into contact with ench other, Ihe indivi- 

^ of these bodies wlU not be destroyed, that is to say, no 

^change will take place j but If they be intimately rubbed 
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tc^ctfatur io ■ moitat, the two solidi will ict opon c^cb olltvai 
fprm a Bnid. ,^ 

It is obvious therefore that in order id focilitoie c&emttd i^ 
aitf, ilie altrtciiua of aggregation must be broken ; Ac taCa 
intended to be cbcniically united must not be priscniod to nA 
other in their mass o'.' oontsct, but mechanically divided, a 
duced to the sninllfi>t niol(«u!E possible. 

Henix liquids combitie with more facility than soIidi, or a 
than 3 solid and a liquid, and in like manner vopoms cwali 
with rapidity and ease. 

Law }U.„.The ogennj "f affiait]/ of emaposilion U itiflumt 
ly irmperatuTc. Us action ii iilhcr accelerateil, rttartUdifH 
vftied, w TuTidered cfficarwus. ^ 



PROOFS OF LAW HI 

ESPERIMBST I. 

If we expose phosphorus in an open vessel to the action 4 
nUnosphere, a cheniica! union will lake place between tfc«Bl 
phorus and one of the constituent parts of the : 
jpamtly, the oxigen gas i the phosphorus will gradually (bntit 

I (lowly) disappear, and become converted into 

I phosphorous acid. 

But if wc heat the Vessel containing the phosphorus, tbe U 

' will take fire, and heeome converted into a yellowish whileii 
ilancp, whicJt in a short timi: is changed into an acid atu 
to the former. 

EXPEBIMGKT IL 

If equal qoaotitice of muriate of ammooia an.l caibui^'Jj 
kntagncilii arc tnixt with six or ught parts of water, and si ~ 
stand for tome lime exposed to the ordinary tcmpc 
t atmotphctc, a jimnial deoompositlon of ihe two sdt^, | 



riooFs or rait L*wa at chumcll AmKiTT- 

take place. Pof If the uiMure, and the Anid whicb paua 
ieil to evaporate apontanvoiuly. raortiU! of uugaesia and i 
bonale of ammonia will be oboJDi^d. 
^^_ Od tile contrary, 

^L ExPER.>tRS-T IIL 

^B« - If ei]ual (Quantities of tuuiiiilc of megiiciia and carbonate g 
.immoiiia be exposed to a tcmpcfslurc of 20C in >l«mt f 
parts of water, llie products obtained afe, miulatc of « 
carbonate of magnetia. 



^ 



Expf 



r IV, 



Ifcsuriateofsodaand sulphate of mag'^gia be mixed togetl 
in any proportion, and exposed to a tempctaUirc below vtro. tl 
decompose each other, and muriate of magnesia and sulphate « 
soda are formed, but no decomposition lakes place at 
tflture above 30°. 

Muriate of soda and acidulous sulphate of alumine and pota: 
exhibit preciseijr tlie game phenomena. 



Exr 



V. 



If ardent spirit and a solution of &all in water be mixt togo^ 1 
llier. Die compound formed is a real chemical union ; but If we 
carefully heat the fluid, die caloric applied wiH be divided be- 
tween (he three Ingredient* according la their respective atf- 
nilies ; the union wiQ be broken, for the ardent spirit will fint 
become volatiliaed, and the union of the salt and water remain 
unaltered. On increasing the temperature, the water will escape 
in the form of vapour, and the salt will be left behind. 

There are numerous cases in which an increaae of tempera* 
lure is esseollaUy necessary to determine bodie* to unite. If 
mercury be exposed lo osigco gas at the common temperature 
ef the atmosphere, llic corpuscular attraction snbsistinK between 



*' .N ^ * ' 



W :\v . .'.-1;. .*.' j.:-.:c :r caloric &rorstliea 

*** i'' *\ ;«•.•■• • .--j*ff;-ier:or of the dimimH 

'" ^ '*. 1' « " ' ■ • '.!.-> r :t r, l^nijtb. by aDgmeni 

lN'*J«'.". Nv *.;; ■ r •■.:*- «::•.' ujr-.-c. cr renders the a 

1(m» 'S'v uvv "vvri l-.' r::r:^^=:* ±* power of chcini 
uiM*'M. v!\ .vv'.'^- -, .- v!\ i;:c v.-i:;r jjtjkI instances of. 

V l«'>;vi v«'.M'- \ .»: *,' •. ^ >ci\:-^''? ::i -i $i^en quantity of 1 
111 .11 I h'>;N. l^«;• r i "o-v ■.riv^vnr.ir?. and this ku]ger qoanl 



I 'lit' liuth (i| tKii |>ri»C!(^c vill be perceiTcd bj app\ji 
f iiniiliiii'iit to th«'\Hy. 

rUiXH-S OF LAW IV. 



(I no 
bet, Uie 



f THt ttw* OF coemcuL jrfiWTT. 



n 3 frw mimttc* bet^omcs to bcK U id 



i 



<lrr thr vcisrj unuppocObk to the liaDds. 

If fodr paru of aulphoric >cUl of oiiniDerco, ind one pan br 
w^eig^l of water, be mised (ogctber, tact at tbe Rrapenratc of 
SO^, the iDixttiTe immediate!)' acqoiics a tcunpcranife trf* sbnot 



U Ui<^ daise acids, ammoni*, urn! ardent ipnit, vbm 

, have the propcrtj- af raiting in twu p eii nge 
Jtably : and (lie same U tlie cft«e wttca ainlls ii» ini 
(concentrated acids. On tite ooMnry, in 

i« produced. 



ExmiMEXT II. 



Pro^clu>K oftxlrrKe dfgrttt oftitld. 



itradntV^I 

J 



ounce and a half of ranttat 
Kty of nitrate r>f potflib; reduce eaidi of thoc ultt 
"ratelj- (o a powder, and blend tSfin Ineimalely togethei : hntog 
dooe this, mix them gradualljr in a ghw bswa, or ocber thin 
gla^i vessel, with four oonce* of iraicr. The rendl wai be, thtt 
the cold produced will sink a ihcmomefcr immened in il, to 3lS* 
Fahr : A new addition of the taiae rjiuntiPr of nil* wiD oool 
it to 14**, wttidi therefore will Sreze water in n gbis lobe thitj 
immerted in it, without the use of snow or ice. If ihei 
used in a dnt process ht used to reduce uther witrr and ialwj 
the temperature of about 32", and these be apiJietl lo the 
formance of a second espcrinfcnl, the ten^>eratujc may be lowi 
to 4' below Of, 

A number of experiments have lately becri made lo 
artificinl cold by means of such frewing mixttires. The 
mplcte set ofthis kind are those ofPcpyB, lavia aadWi 
I «hal] be noticed in the next ptut of thii worl: 

D2 



IICUICAL Arvitfl 



imaof « nf tub l 
iw V..,Tke agtwy if chrmiral affinity httwtem hli« 9 
lodies wtttf Ue dormoni, unlil it h ratleil into iKtion If u 
torporilion r^' another hotly, K-kich fnqumtty eurU ) 
upon dn^ uf' them in a leparale slate. 

FwJin tliis law originates what was fomiptly callm! diapmiiil 
affinity. Of that case in which two or more bmiics arc incapaUc 
uf imiiing, umil the agency ta colled into action by tiie addi tion 
E. a thiid body, which exerts no sensible affinity upon c 

may be proved in the following n 




PEOOFS OF LAW V. 

Watet is a compound of hidrogen and oxigen ; phospl 
iple body according to our present stale of koowledgi 
the«e be presented to each other, no chemical union w 
place i but if we add to them an alcali, and then apply ha 
water will become decomposed ; that is to say : part of the i 
phontD will unite to the oxigen of the water, and fotTiv]| 
pboric add, and the other part will be dissolved in the liid| 
gas and appear as phosphorated bidiogcn. 

Here the alcali acts as the substance requisite to favor thfia 
tual action, or to give the disposing allinity. 

Jf iron and water be brought into contact with each olhe 
perceptible change will be produced ; but if a litiie sulpd 
acid be added to the water and iron, a violent eftervcsccnce3 
take place, the water will become decomposed, bidrogenJ 
will be evolved, and the iron become dissolved m the acid. 

In this case th« sulphuric acid is the condition necesss 
iterate Ihe chemical action 

[These experiments will be iBore fully considered hereafter 



FROOFS OF Till tAWl OP CUIMICtL AFFtKlTT. 



IMW VI....Tkf ratio of tht mrrgy ^ ckemieal ^nity aeiiwg 
beltPten varioiu bo^ts, is different in difftrent mhsianca. 

This is the moat important law of chemical attractioa. M 
beginnerti will find it ratbet difficult ta undertUnd what paiwa 
in this moi-c complicated agency, we sball ^rtly remark, that 
the combination which is effected belweea two or moro bodlea 
by virtue of the affinity of composition, becocoes brokeo wfaco- 
ever we present tu the compound another body, wfaicfa hai aa 
attraction to one of the cotutilueni parts of the compoufld, co- 
perior lo that attraction by which they were held together : the 
bodies therefore between which the ttrongeit attraction fueraili 
combine, and the rest are disengaged. 



< 



^^7n 



PROOFS OF LAW VI. 



EXFEXtHBHT 1. 



muriatic acid be poured either on pure baiyteS, 
carbonate, the baiytes will be dissolved and the compound wiD 
he murifiie of barytea, which compound u held together by the 
force of affinity esi«ting between the muriatic acid and the hary- 
tes. Go letting fall into this solution a few dropt of nJphuric 
acid, an immediate change of principles tahes place ; the wholo 
quantity of the muriatic acid which was combined with the 
baiytes becomes disengaged, and the sulphuric acid unites to the 
boiytes with 3 force equal to their affinity, minus that of tb« 
add. 



m preraiu^^aH 



EXPiaiKEHT II. 



If pure silver be dfusolvcd 
lamain tinitcd to (he acidf ti 



D pure nitric acid, the silver will 
I anothei body is picst^lcd to it 



4 



moAri o* TOE tJtwi «r chix ioal 4»fl 

' wbicli bBi a greater force of sUraction to cmc oftlu: 
putiufihecompuuiidi foriiuUnM; if mcmuy be added U 
□ d* lilviri, tbc iBcTcurj will be diiMnlved, toA. Uie i 
a pTMipilalcd OT dUengaged. Tbc rojienutaiit ftulAl 
D be a iottttion of mercury tn nitric add. 

to lbs before obtained solution of ffleroiiy in n 
fiwx of thcet lead be presented, the lead will be dissalvedi I 
tbe rocrciuy become precipitated. Tbc fiuid'wiU theabetq 

of Uad in nitrit aad. 



7^^ If in this solution of lead, a thin slice of copper be ci 
the copper will be dissolved, and the lead will become 
cd. Ibe fluid now is a toiuliojt of copper lit nitric atid. 

[ ' immeried, the iron igrill be dissolved, and the copper I 
predpilated. llie fiuld now is a sohi^on if iron iu n 



EXfEIIHSKT IV' 



EXPBBIMENT V. 



EXPBaiMEMT VT. 



^^Plf to this solntian of iron, a piece of einc be presented,^ 
l^^inc will he dissolved, and the iron beeome precipiutcd, 
•olDtioQ then consists of %me and nitric oriif. 



ESFEfiiMI 



r VII. 



f to tins solution of zioc in nitric acid some anrLnii/.ifyia ],g 
r added, the anunoDia will join to the acid, Aoddw 
U be precipitated. The solution will then be si/rstr tf 



^H^ rxooii or TUB uWi or ciismical aimkity. 

^" KSPKBIMEUT VIU. 

If to U^is solution of nitraie of amfncmla, lomc Umc wsterfl 
added, the aoimonia wiU become diaengaged (and nunifbt J 
self bjr a pungent odour) and Ihe solution wiH be tdtralerf& 






ExreBiMBHT IX. 



Btothii solution of nitrate of lime some oxalic acid he addrd, 
Klime will be precipitated, and what now rianaina will be it 

ly nitric acid. 

We 9ee from llicie cxperlmeats that dificrenl bodies bare <| 

mgh/pst degrcu of affinity for one and the satue sub»umcc, wU 

^^^konly be leamt from ob^civation and experiments. 

^^^KsMA.RKs..Jt appears nevertheless fi'om BcrtboUei'* Treatii 

j^TOi'e sbal! see directly, that in almost alt cases of elective al 

Dity, there is not a lotnl transfer of the base, but that a diviaii 

is made between the two opposite attracting subtitanced, iafl 

compound ratio of the relative force of affinity, and iiuantilyd 

each ; that in many cases the excess of (]uantity, may supply tf 

delicicncy of (wee, and therefore that the mats mu^t be Ci 

fully talten into consideration. 



hiL-vt WlL^.The ngmetj of chemical ajlmty is tilher )hriiled9 
y . . wilimUed; in olAir u/ords, tkemieal affinity ii capaile o/'ailj 
^^^bg ha^ei in dcjiaife, <rr in inde^nile proportioi 

l^^ipfltiei 
ffi'kertBin pre 



stience has ccirHnced us that in all bodies ihcic i 
Ti'kertBin prei^sc limits of combinations beyond which tlieir aclfij 
cannot pasi, namely a mtnmum, andaniaxiniuni ^ 
etU) to be ascertained how bodies catt combine within t 
linutK. 

D4 



ao 



r THB L»W» 



r CBBNtCAL U-PtNITY. 



rif WO attend to what i* known «l pracnl, we arc fonad Iq 
Kknowlcdge that thb law cumprehctid» several nwiriiftmtinnit. , i 
Iriitch may be arranged under the following c 
t. Chemical affinity unites icvcral bodies in anypio[ 
ivhatMKver, their corabinatioD is tlicreforc unUmited, f 
Klano 
%, 



PROOFS OF LAW VII. 

EXPEKIMENT I, 



I 



and ardent ipirit be mingled together in a 
tity, a chemical combination ensues, for the campouodd 
feag always a specific gravity different from the mean i 
gravity of the fluida combined. Its bulk is iikewiBe i 
nrithmeticat mean of the fluids in a separate state. 

The same is the tase when liquid acids and water, ■ 
and ardent spirit are combined together. 

2. Chemical affinity combines several bodies ti 
tenl or maxiTaum only* 

To this class belong all those bodies which are c«t 
(what is called) saturation. 

ExPBfttUENT II. 

If we take a quantity of any of the dense acids dilute 
water, for instance sulphuric acid, and let fall it 
of an sicali, for example soda, by a HtUe at a lime, and « 
the mixture afler every addition of ihe alcali, we 
siderable time it will exhibit the properties of an acid, 
have a sour taste, and convert vegetable blue colours inl 
but if wc continue to add greater quantities of soda,, 
acid properties wdl gradually diminish, and at last ilisa^ 
altogether. At that point ll»e combti;atioi 
reached itimoxitnam in tliis case; for if we c» 
deal!, the mixture will gradually acfjuire alcalinc propertied 



n LAWt or CtlBHlCAt A 



I wilt convert Wue v^gdablea Uilo grctD ; it will baxe ao urinoc 
or fllcalinc taffc, &o. These prnpcrtici will becume Miungcrl 
: the greater tl^ quantity of the soda is whlth i» added. 



rrak* 



Takt murutic acid adJ let fall into it gradiiflHv caibonste < 
lime or magnesia ; aii effervescence will take place, for a 
<al union ensues between the ncid and the lime, or inagiietiaj 
and ihe carbonic acid the Other constituent of these bodies, ' 
comes diseogaged. But If we continue tiic addition of t 
iime or magnesia, until it produces no fuitJier efferve«c 
no chemical union will be obtained, the time will tall ti 
bottom unaltered, fur liie combination is at it) maximum. 

It IS on this account that water can only dissolve h ci 
I qvuintit)' of salt ; ardent spirit a certain quantity of resin, &c. 

The union of oxlgen and hidrogcn, belongs likewise 10 thlJ 



a. Chemical affinity is capable of uniting different bodie! 
two, three or more proportions ^ each of these coinbinattoi 
produces compounds possessing peculiar propcriica. , 

This peculiarity of combinaliim is highly important. 

It is owing to this circumstance that both nature and art pi 
duce substances of the same principles only cumbined 
ferent pioporlions, which possess peculiar properties widely di 
Cerent from each other. 
j^^^ instanoe of this bw may be %ee.n in tlie following 

P 

I Tntrodace one ounce of copper filings into four ounces c 
moriaticacid contained in a medicine phial of eight ounces ca^ 
pndty^ cork it well and let it stand uorlisturbed ; the arid will 
«Bon acquire a greeoisb coloitr, which becomes deeper i 



-BWSSSStB 

it is rcquit;itc tu enquire what are the pbenomciu wliid 
offti when presented to each other in different propa 
Theae pheDornena have liilherio been Utile alltended to t u 
much attention been paid to other pailicular ciiuumManQc 
appear capable of ioflnenclng the agency of affinity in i 
namely : the action of I'ghl, electricity, galvanism, fcc. 

When ilicse, and the before-mentioned discovery of Sen 
for determining the relative strength of affinity arc more 
to, they will probably lead to consequences of the greatest jr 
ance. It will oblige chemists to attend more closely to tht 
procal action of bodies on cacli olber under difierent cl 
Hlaneea, and the result must be, the discovery of seven! 
which will greatly facilitate the acqaisition and the aft 
ment of the science. 

The rapid progress which chemistry has lately 
tiplicity of its researches; and the scrupulous accoFacjr-i 
survalion with which experiments are now conducted 
■■ i ery reason to hope that this will soon be accompliahi 




ducte d tfH 

J 



HEAT, 

CALORIC. 

PART VIII. 



LEAT and cold are percepiions of wWch we acquite ihc idCM 
pora Uie setises ; they indicate (mly a certain stale in whicli v, 
ihd Mirselvca independent of any extprior nliject. Btit as these. J 
laatious are for the most part produced by bodies around ns,.' 
B consider ibem as causea, and judging by appcaiUnceti, w^l 
lepply tlie term* hot, or cold, tn the substances theniselves j 
g those bodies hot, which produce in tis l!ic sensation of 1 

Iaud those eold, which communicate the contrary sensation. 
This ambigiiify, though of little consequenc- in ihc tommon 
afiiiirs of human life, has led unavoidably to confuaion and per 
floiity in philosophical discussions. It was to pruvunl Uiis, I 
tlkC framcrs of the new nomenclature adapted the word CAtc 
yiFbich denotes that which producei the sensatlcn of' hear. 



TflBOKBH* or BK«T. 






r»loricof temprtatOTt, interposed C^ortc, tic 
pnitjr geneiuUy supenednj. 

From llie diTenity of opioions nmong cbemikls respoctifij; b 
naQu% of caloric several other expresiions have been inWdiuab 
whacb it is proper to nolle*. For instant, by iprcifie kt*j 
Aatlood the relative quantities of caloric contaiDcil La e^d 
weights of ^^retit boJicK at tlie ume tcmpcTBtarc. loWJ 
htal la the expression used tu denote that quaati^ of 
which a body absorbs when chaagiog ils fbnii. It is fai 
more pn^rly called calonc of jluiditt). llie du|>oaitian,,4 
properly by which diJFerent bodies contaio ceatain qaant&Iaq 
caloric, at any temperature, is tcnoed their cepatUy Jitr ikW 
By the expressioa of alsaluU beat, is understood the 
quantity of caloric which any body contains. These tetmt 
be more fully considered baeafter. 

Before we proceed furtlier we shall briefly nolicf 
mcUiods of exciting heat, and dien endeavour to 
general properties. 




TUOM OI" KECITIKC Ami) goLLftCTINU UB4T. 



EXCITING AND COLLECTING HEAT. 



vJ*? tLe difFcrcnt mcthoil^ of e 

the most ma-ji : 



i 



. paoDucnoN of heat 



PERCUSSION OR COLLISION. 



This method of producing heat is the simplest, sod 
fare it is gcnerall7 made use of in the common purposn 
for obtaining fire. 

When a piece of hardened Steel i> struck with a flinti 
particles of the metal are scraped away &om tfan masii, and 
violent is the heat which follows the stroke, that it melts and 
tritiefl them. If the fragments of st«l are caught upon paj 
and viewed with s mioroscope, most uf ihcm will be ftiund 
feet spherules, and very highly polished. Their ipheridty 
moiistrates that they have been in a fluid state, and the polish 
upon tbeit surface shows them to be vitrified. 

Nn heal however has been observed to follow ihe percusij 
of liquids, nar of the softer kind of bodies which yidd to 
impulse - 






PKODCCTIDIt or OLtT BT niica 



3. PRODUCTION OF 1 



FRICmON. 

Heat maj likewiK be. fr-ndtfA by mere ^nlan. 

lb (tin fcuined in some paru of the world. The nadvca irfS 

Kflolkod ue taid to produce fire Id this manner vith gnm I 

VCilily, nnd iprcad i( in a wooderful msnncf. For that ■mi 

Kibey Ukc two pieces uf dry wood, oae h a sticli abool elg 

r nlii£ iDcbes long, and the other piece is flat { tbc Mick Ik 

c into an obtuse point at one cod and piestlng it opoo <l 

thcipiMc, they turn it very nimbly by hewing itbctvceaki^ 

lo a chocolate mUl, ofieu thifling their haadtl 

d then moving them dawn upo:^ it in order to inciupK dk 

IS much as possible. By this method they get fire lli 

tes and from the smallest spark they iacrease it iM 

cat speed and dexterity. I 

at the axis of a coach-whccl arc applied to on 

ir without the interposition of some unctuous mailer (okM 

n from immediate contact, they will become so liot iMl 

e carriage runs swiftly along as to set the wood on firej ■! 

c forc'wheels being smallest and making.most revoludottiill 

:ti time will be most in danger. 

"he same will happen to mill-work or to any other madtinajl 
; is ao uncommon practice in this country for blacksmtlltf K 
a plate of iroo as au extemporaneous substitute for a t!nA^ 
; for it may be hammered on an anvil till it becomes red bolf 
1 fire a brimstone match. A strong mail who uribl 
id keeps turning the iron so that both sides may be cqQl% 
d to the force of the hammer, will perform this in 1« 
B than would be expected. 

D the coldest season one dense iron plate be laid on anotfatf 
I preued together by a weight, and then rubbed upon ^ 



ibbed upo n ml 



■>lQB9«TIOa or OSAf «Y DOSHICiAb itrntii 

! by rcxiprccal motions, they will gradually gvow so 
■ban time to erak sparks aA4 ai lutbctomc ignited. 
Is not necessary that the substances should L*': veiy hard, i 
rubbed backwards and forwards swiftly against a po»t or \ 
«il\ take firi. 

' Count Rumford* and professor Pictet')- have made some v 
ingeaiuus and valuable cxperimeuta concerning the heat c 
by friction. 

3. PRODUCTION OF HEAT 



CHEMICAL ACTION. 



r 



To this belongs the heat produced by combuatioti. 
'besides this many cliCmical processes whRrein rapid chemical ^ 
Con takes place aceompauied with a development of heal, u 
end flame. Instances of this kind have been noticed ,^Jready, 
page Ip. More striking experiments wiU be given in the pro- 
'^ss of tliis work. 



4. SOLAR HEAT. 

It i^ well known that the solar rays when collected by a 

r or lens into a focus produce the most astonishing effects. 

Dr. Herschell has discovered that there are rays eml 
the sun, which have not the power of illutni Dating or produc 
vision i and that thcgg are li i e Tjy s -which produce tlic heat d 
the solar light. 

Consequently heat is emitted from the sua in rays, but tl 
rays are not the same with the rays of light, as shall be d 
fully proved hereafter. 



>1 (41I1 Edil.) Vol, If. p. lofi. 
BiiiwIeFcu. Chip. ii. 



UALVilJlli. 



The f (Tccis of ckolricity are (pa iK^ll,)fi}own ii 
view lo deed any description. 

Galvanisro has of late become a poweilal ii 
purpose of exciting heat. Not only' easily inflanunable an 
cea such as phosphorus, sulphur, behave been fired, 1 
Wwe, gold, silver, copper, titi and ihc rest of the met 
been burnt by means of galvanism, as was showi^ by n 
Davy in his lectures at tl^e ihegtce of the Royal' lastl 
in leoi, ■ ■ "'■ ' ■^"' 1 

Siicli are the principal methods oTexciting heat. We 
endeavour lo examiiic experimentnlly the effects which 
daces upon bodies in general- 



GENERAL EFFECTS OF HEAT. 



EXPANSIVE PUOPEETV OF HEAT, 



. HIS is the first and most obvious effect whidi heat prodnC 
on b(rt!ie«. Exptriencp Las taught us that at all tin 
bodies become hot, iht'y iocreaxe in bulk, Tbe bodies < 
ritnce a dilatation whicb is greater in proportion to tiic acciuDQ'^ 
lation of caloric, or in other woriis, to the inivnsity of the heai 
Tbis ii 3 general law which holds good as long as the bodlea ban 
sufTered no change cither in their combination or Uie quantity a 
their chemical principles. 

This pcnvcr which heat poeaessea coasistti therefore ii 
stant lendeuey to separate the particles of bodies. Hence philc 
sophcrs considjer heat Si tlie repulsive power which act*, npon M 
bodies whatever, and whicli is in constant opposition (o L 
power of attraction. 

The phenomeoa which remit from these mutual actions at 
is it were the secret springs of nature. Heat however does not 
expand all bodies equally, and we are still ignorant of ihc litwi 
which it Ibllows. 

»I. EXPANSION OF FLUID BODIES BY HEAT, 
Ex.-Ea.M.NT I, 

Take a glass globe with a long slender neck (called a bolfc^ 
head) fill it up to the neck with water, ardent spirit, or any otbcx-^ 
d which may be co!i>ured with red ot black ink in order t 



mmt 



BtMBIAL ttrtCTt or UBAT. 

t vbible and then inmienr ^ ^obc of the imtnUDCM it 
A of hot water ; the iaduiW flnkl will iaSlaatiy brgip lit 
It into the oetk. If it be tekea otu of ihe waier and bnagb! 
V the fire, it will Bscrad oxirc and more in prt^rlioo ±i ii bc- 
s heated ; but upon rctnovlt^ it from (be Kurcr of hnia ic 
k sink again ; a dear proof that csdnri-^ dilate* ii, «o as to cnake 
ore space when hot, itnt when cold. Tbac expdi* 
3 may therefore $en-e as a dcmatutratJoD (hat heat expmih 

It appears that lirjuids of the least deoiily eipaad moxt vidi 
t same temperatnre. Thus hidro^ea gas dilates mare viA 
Hoie degree of heal than atmospberic air ; atmospheric all 
B thin sulphuric elheri etbei more than ardent spirit ; ardoM 
pt mote than nil ; oil more than wMei ; water more than acM», 
ore tlian mercuiy. But if we L-umpire (he penodt rf 
t necessary Jbr each fluid to acqikire tlic nuuTXiinn of rarcfixv 
t it is susceptible of, there is du law to guide us ]re( knowo. 

i- EXPANSION OF AERIFORM RODIES BY HEAT, 



fake a bladder jinrtly filled with air, the neck of ^ifaich fa 
*'y tied, so as to prevcm the inclosed air from escaping, aoi 
It be held near a fire. The air will soon begin to occupy more 
J and the bladder will bscome gradually distended ; on 

''nmng the enpansioo of the air by increasing the heat 

Wadder will hurst with a loud report. 



3- EXPANSION OP SOLID BODIES BY HEAT. 



^H 3- EXFANSK 

^^^we take a bar d^ 
^^V<»»nes red-hot -. 
^^BUl he found 



iron ii\ inches long and put 
and then measure it in this ! 
of an Inch longer tlian it «" 
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: l20tJi pact of tbr wlwle. "Gut the meal ii fOfOt- 
tUy cxpitsdai in breadth, «iU be ura bf tiTinc to pm it 
a aperture nhkb U fiued exactly wlica cokl, bet vS<j) 
.wiU DoE admit n when red-hot. Tbc biz it thndate TTnirf 
JD leogUi itui diameter. 

Tu diMxiTcr the nunulesl dulcet of nqnonoo hy lieM, Jul 
^ rclalh-e pr«pon>oiu thennf, ioUTumeoLi faavi 
d P^TvmeUri, the temnMUt)' of wktcb i* • 
v Uie expanBion ftom isjjj to r nK ^r o*^'" •»•*- 
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n owiug (o th.is expansion of metal*, thit llic OMXicn 
""lituc-picces is tcadcrcl erroneous ; hwt the Mgaaaxy of wiUU ~ 
has diMMTered methods of obviating ihii inacmncjr, bj employ- 
ing the greater expansion of one metal to countcnct tbc cipao- 
sion of anothei -, this is effected in what is called the gridiron 
pendulum. Upon the same principle a panicular oaiutmctuo 
of watches has been contrived. 

The espansion of mctali is tike«ue one of (he ptincipal miocM 
that docks and watches vary in winter and ieudiiky, itiien woq— 
in the pocket, or expceed to the open air, at when cvried | 
a hotter or a colder climate. ■ For the number of tlic i; 
of the peoduliim, are always in the gub-duplicate rai 
length, and as the length is changed by heat and cold, ifae b 
of vibration will be aUo changed. The quantity of altc 
when considered in a single vibration is exceedingly iinaU,'1 
wbrn they are often rppeated it wiD be ^ery seoiible. An alterftr \ 
lion of one ihousandlh part in the (irae of a single vibration of 
y a pendulum which beats seconds, will make a change of dghty- 
^^■k whole vibrations in twenty four hours. 
^^K(b dil!eient metals expand difierenUy with the same degree tt 
^^Hui fueh musical instniments therefore Whose parts arc t 
B naintaia a constant [rue ptoportion, should iii^'er l)c strung^ 
E4 
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siui cA|i«uiu 111 uic 5itiiic xdLiu^ oiiu tttc uicicAuic lum nwini 

break. Hence thin vessels stsnd heat better than thick one 
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SECT. IV. 

MEASUREMENT OP HEAT. 



U PON the expansile properly of deal, wliitli we ii 
Uered before, is Ibunded its snSficial measurciURiil. 
moitns have been therefare employed (o asiisl the iroperfccdl 

I of our gensatioEit in judging oflhe differcni degrees of heal, i 
our feelings unaided afford but very inaccurate inibmwtion o 

I ceming this matter : titcy indicate the presence of Iwnl, c 
when the bodies presented in them arc holler than ibc -it 
temperature of ouv organs of feeling. When thoic bodies 31 
precisely of the same temperature with our body, which wen 
th.6 standard af comparison, we then are not sensible of the p 
scnce of licat in tliem, When tlieir temperature is lesi hot tl 
that of our bodies their contact git-es us what h called the si 
satioQ of cold. 

The effects of heat npon material bodies in general which a 
easily visible to us, affijrd more precise and determinate ii 
tiotis of the intensity, than can he deri\'ed from our feelliq 
alone. Tlie ingenuity of the piiilusopher and artist, has thercfo 
furnished as with inslrumenti for measuring the relative 
temperature of bodies. Tliese instruments are called 'j 
■meUrs and Pi/rometen. By these all degrees are r 

^^om the slightest, to that of tlie most intense heal. 

^B 1. NATURE OF THE THERMOMETER. 

A thermoraetei is a hollow tube of glass, hermetically scnli 
and blown at one cad in the shape of a hollow globe. 



r THE TflBIHOUimnl. 



b and part of liic tube art fi&ed with maiMxy, vhldiq 
* only fluid which expands equally- Wbrti wc immerse ll 
of the thnrmomettr in a Lot body, the meiraty e 
cf cou«e mei in the tube ; but when wc plunge it « 
y the mercury contracts aiid of course /a //j in the tube.] 
flic rising of the mercury indicntes therefore aii t 

ita falling a diminution of it ; and Ibc t|uamily whjj 
<T falls, dcnolcs the pioportion of increase or din 
tfacilllate observation the tube ia divided into a t 
ll parts, called degrees. 

Further, if we phmge a thermometer ever so ofteo into n 
r ice, it will always stand at the same point, 
f Icaro tkat snow or ice always begins to mdt 3t the ] 
pcraiure. 
■c plunge a thermometer repeatedly mto water keptb 
e.find tliaC the merciuy rLiCs up to a certain point. 
' therefore the point at which water always boils, prQvid 
pressure of the atmosphere be the same. 
_There are four different thermometers used at present in^ 
, differirig from each other in Ihe number of degreci^ 
h llie space between the frPCKing and boiling poiots 1 
These are Fahrenheit's, Beaiimur's, Cclwus'fi, 
Dcliile's, 

The thermometer unifonnly used in Britain, is 
athis the freezing point is fixed' at 32°.. ..the boiling poii^ 
? above tf'.,.or the part at which both the ascending a 
Bidii^ series of numbers conmience. 
Un the thermometer which was first constructed by Rca 
p scale is divided into a smaller number of degrees i: 

e length, and contains not more than 90' between tlic fi 
B and the boiling points- The freezing point is fixed i 

monieter precisely at O", the term between the a 
1 tlic descending series of unmbers. 100 is the numfa| 
JB degrees between tlie freezing ami the boding points i 
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leofCoIiius) wfatdi has been inirodnowi into France tine 
'the revolution under tht name if the Centigntdr thena 
and the freeiiug point U in ibis U in the Ihennoinetn nf- 
I Reaumur fixed at 0^. One degree od Uu scale of I'afarcnbeilc 
Bppears'&oni this account to be fiquallo J of a degree on tint of 
Reaumur, and to J of a degree on Uiat of CfJsim. 

The space in Deiisle's thermometer bclwcMi the Ireexing ai 
boiling po'tnia e« divided into ISCP, iiut the grndiiation b^g;i 
the boiling point and increaaes towards the freeiung pmMl 
boiling point is marked 0, ibe freezing point 150^. Hence li 
Fr= IJOD, orfi F: = SD. To reduce the degrees of DcUalc^ 
thermometer under the lioilliig pyint to those of Fahrenheit ; i 
liave F: = 212 — '" ; to reduce ihose alovv the boiling poin^ 
. F; = 2J2 -|- ^°- Upon the knowledge »f this proportion it U 
easy for the student to reduce the degress of any of tbr«: thct^ 
inocneieri into the degrees of any other of them. 

3, NATURE OF THE PYBOMETEK. 

To measure those higher degrees of hent to which the then 
mometer cannot be applied, there have been other instrument 
invented by dJfiferent philosophers, Uicst are lallcd pj/rometer 
TIjc most celebrated instrument of this kind, and wiiich I 
(wen adopted into general use, \i that invented by the late ingvol 
ous Mr. Wedgwood. 

This instrument is also sutficientiy aiiuplc. It consists of ti 
pieces of brass fitted on a plate so as to be -^^ of an inch asm 
at one end, and -^ at the other; a scale is marked upon t 
^rhich 19 divided into 240 equal parts, each Vb flf an incb; i 
with this hiH gauge, are furnished a sufficienl number of piei 
of baked day, which mugt have been prepared in a red heat, i 
Dtiut be of given dimensions. These pieces of clay, thus | 
Itared, are first to be applied cold, tu the rule of the gauge, 
(here may no mislike lake place in regard to their dimensio 
Tlicii any one of thwn is lo be esposcd to the heat wliicb if 



High temperatures can thus be asccrtaiiied viA 
Each degree of Wedgwoods pyTometsr is eqml to Uf 

Fahrenheit's. 



SECT. V. 

EXCEPTIONS 

TO 

THE EXPANSION BT HEAT. 



. Jr HILOSOPHERS Iiavc uoiiccd a few exceptiiymo (he law Qj 
. heat eKpaodJug bodies. For iastaoce ■, wnlet when c^|ed dowl 

to ibc freeiingpoiot, instead of contracting, on iha £iitlier ilepri^ 
^ vatioLi of heatj actually expRDds. , 

. ,. Anflther seeming exception is manifested, in aiumine or clay } 
^)>tkci's occur in tlie c^oe of .cait-iron, and various oiber, metals, 
y^iunine contiacts on being heated, and cast-iron, biiiiniith, SiC- 
^l^cD fully fused are more dense than when solid, fota-s 
fbey become so, they decrease in density, they expand in tlie.ajct, 1 
,of cooling, and hence the sharpness of iigures upon iron ;whicli.j 
Jttat been cast in moulds, compared to tliat of uUicr metals. 

Some philosophers have pcrsuadsd tlicmselves that thcae e 
Ceptioas arc only apparent, but not really trut. They, say V 
water freezes, it assumes a crystalline form, the ciyEtaJs < 
each oihcr and cause numerous vacuities, and tlius the ice 
cupies more space. The same is the case willi fused iron, 
mutb, and sine. The contraction of clay is owing to the loss ot 
water, of which it loses a part at every increased degree of tem- 
perature hiilieito tried; there is therefore a loss of matter ; and 
a redaction of volume must follow. 

Mr. TiUoch* has published a brief examiiiation of tlie received 
doctrines respecting heat and caloric, in which these truths are 
more fully considertd, togetlier with many otlicr interesting 
&£t» relative to the received notions of heat. 



* PJutDiaphicil Mi^ae, Mtj iSoo, p. ;3. 



tQVAL DIITIIBVTIOV OF BBAT. 

SECT. VI, 
EQUAL DISTRIBUTION OF HEAT. 



Xf a number of bodies of diiferent temperatuFei are plice 
contact with each other, they will all at a cert^D time n 
a temperature, which is the mean temperature of the diffi 
■ubstances} the caloric of the hotted bocfywlBdiffiikeitgdfm 
those which are heated in a less degree, till ihey hare >D ki 
eil 3 certain temperature. Thus if a bar cf iron wtucb 
been made red-hot be kept in the o^en air, it does not renin 
heat which it had received but becomes gradually colder 
colder, till it arrives at the temperature of the bodiea in iti oi 
bouiliood. On the other hand ; if we cool down the iroii b 
keeping it for some time covered with snow, and then ca 
into a warm room, it does not retain its low temperatuie; 
becomes gradually hotter till it acquires the temperature < 




riorAQATIOM OF IlEi-T. 

SECT. VII. 
PROPAGATION OF HEAT. 



[ E have seen m the last lectioo that wbea bodtei of 

p temperature than otliers arc brought into contact with 
^hcr (he heat is prapagiited frqm the first to the aecond, 
t colder body deprives ihe warmer of its excess of heat. — 
w se« that some bodies do so much more quickly 
Through some bodies caloric paaites with undimi- 
\ velocity, through otliers, its passage is prodigiously ra-4 

a disposition of bodies of admitting ucder equal circuoi- 
a the refrigeration of a heated body within a shorter or a 
longer time, is called (he power of conducting heat ; and a body 
ta sail! to be a letter or worse conductor of heat, as it allows the 
refrigeration to go on quicker or slower. Those bodies tliere- 
^(nre which possess the properly of letting heat pass with facility are 
calieil goad conductors ; those through which it passes witli difE- 
cnlty arc called bad condvclors, and those through which it does • 
nat pass at all, are called non-conduclors : thus we say in the 
common language, some bodies are warm or capable of preserv- 
iDg warmih; and from this arises the great diiferenoe in the 
seosatioii excited by different bodies, when applied at the 
smme ternper:iture to our organs of feeling. Hence if we im- 
merse our hand in mercury we feel a greater sensation of cold 
ihan when we immerse it in water, and a piece of metal ap- 
pears to be much colder than a piece of wood, though their tem- 
peratures when evamined by meani of Uic thermometer are pre- 
tanely the same. 



ix probalile ihat oU tolM* conduct bert i 
ihougl) they differ rcry tmidi in their rontluctir^ p 
arc the best conductgrs of luai | but ttie cooductiiQ j 
these subitaiicoi are hy nti mem* equal , Stonci 
next bnt condutlon. G1u» condoctt licni %ay tier 
•ud charcoal still slower I aai rmllicre, iiilk, wool, andll 
still war*c conductors tlian any of the KubsUaocs yet mcmisd 

The Iwai cotnlucloni of clrciricity and galnuiisRi are 4 
fcmt conihicton of lii-oL 

EXPEKIMEIIT I 

Toke a number of straight wires of c 
jngths, bui of difli-renl meiala, for instance, gold, niverjl 
jn, tic. cover each of them witii a tliin coat of wak 4 
111 plunge their extremities into vater kept boTlingtV 
idled lead. Tlie melting of ilie coat of wax will show y 
: is more quickly trantniltt^ thcotigh some metali |] 
It is on this acrount itl»a, Uut itic end of a glass ( 
pt red-hot for a long time or even melted without si 
;ni(^nce to the band which holds the oth^T ex.tren^^}1 
iimilar mKtallio rod heated in the same i; 
>n become too hot to be held. 



IQUm AND AlilllFOllM BODIES CONVEY 1 
AN ACrrUAL CHANGE IN THE SITUATKS 
THEIR PARTICLES, 

Count Rumford was tiie first who proved that Auidt in J 
Id aeriform bodies convey heat on a diflerent principle ; 

solids. This opinion is pretty generally j 
lUgli various iii2eiiious experiments liave- been i 

ml philosophers to prove the conlraiy, 
ince which is in the strictest sense of the wo; 
iduetor of hr:al, tlie Count h?.s proved that caloiici 





plgaied tMlljr in conscqucnci^ of thi^ ituttian whidl i: 
in tlie insulated and Aolit-jiy purUuks of tbuL fluM. 

Ail fluids are considerrJ strictly tpcakirig la * im 
at Hon-cmduclim of cHotic. They can readre ti Indeed f 
other substances and caa give it to oifter xabinnccs, tia: no p 
1 tide csQ either receive it from, or ^vc it to, sacoher juirtKd 
Before a fluid therefore can be heated or coulrd ncrr p»nid 
must ^o/mdividually to the substance from wliivh it receive!! | 
to which it givea out caloric H«t being therefore only p 
gated in fluids in muscijuence of the ialcmal nuitiBR of ti 
particles which transport the beat ; the more rupid tbcse n 
are. the more ra[;id is the coimniinicattoD of bent. The cam 
tlie«c imtions is the change in the 5[iccific grtrity aC \hc fbi 
ocCaiiioneil by the change of temperature, and the isp«iiil3r it | 
proportiun to the change of the speciljc gravity of tlxe Uijuid If 
any given change of temperature. TIic tbUowing exjierimca 
may serve lo illustrate iWs theory. 



_ Take a iMii glass tube eight or len inches long and abnul i 
inch in diameter. Pour into Ibc bottom jiarC for about the dftpl 
of one inch, a little water coloured with Brasil-wood o 
and then fill up the tube with common water, extremely gentln 
so as to keep the two strain quite distinct from each c 
Having dori- this, heal the bottom part of tlie tube over a Utnd 
the coloured infusion will then ascend and gradually tinge I 
whole fluid ; the water in the upper part of the tube r. 
bo made to bral. but the colouring matter will remai 
bottom undisturbed. The heat cannot act downwards to make] 

fiy thuj being able to make the uppi^r part of a fluid boil will 
out healing the bottom part, water may be kept boiling fo^l 
• jCMsiderablc time in a glass lube over ice without melting it- 



Oiber n(irninriM) niustming the satae pnnciple tatf hC- 
foumi tn Count Bnmr<xd'!i csccOem euaft, cipecjallj) inciwf 
ite 7U1, 1797- 

!>> Ibb tndefnigablc pbiloKipliiR- ve a» wlwdly iadcbtedfiir 
ibr abgvc fads : lie vna ibc first wbo uaght us that alt iM 
water Were neariy non-cotidnctore. The rrsults of liU ntpm- 
mtntt which -ire contaiiieil in ifie atxne cnay zj* highljr irk- 
texesliiig ; they aUu show that the conductii^ power of Amis a 
impaiml by the admixture of libroos aiid glutmous ma'ur. 

Count Bumford proved that ice melted niore than 90 (inw 
slower when boiling hot wjter stood on its sinface than wbeil 
the ice was placed 10 swim on tilt snriace of ihc hot u-akrl 
Other eKperiments aho«rd (hat water only dgbt dcgret* rf 
Fahrenheit above the Irecring point, or at the t^mperaitire of 
forty degrees, ttielta as much ice in any ^ven time, as an eonT 
volOiue of that fluid at at^ higher temperature, provided tfie 
water elands on tJie surface of the ice. Water at the tcmperiitan 
of 41' is found to melt more ice, when standing on its sur^toe, 
than boiling water. 

It becomes further evident from the Count's ingenious eipe- 
riments, that of the diffrrrnt substances used in clothing-, hares 
iur and eider-down are ilie warmest; nest to these, bearers fin- 
raw silk, sheep's wool, cotton wool, and lasOy lint or the scram- 
ingi of fine linen. In fur the air inter]K)3ed amoug its particles 
is so engaged as not to be driven away by the heat com- 
municated thereto by the animal body; not being easily ^t- 
plaecd it becomes a barrier to defend the animal body from iht 
external cold. 

Hence it is obvious that those skins arc warmest whidi 
have the finest, longest, and thickest liiri and that the furs of 
the beaver, otter, and other like quadrupeds which live much m 
the water; and the feitheis of water-fowl are capable of coiifid- 
ing the heat of tlioae animals in Binicr, notwithstanding (be 
Idneis of the water which lhe>' frequent 



4 



Btan, and various other animali, inhabliaiUt of CcJit ditnalet, 
\chich di> not oUbii take the water, bavc tbcir fur noiCli tbicko 
on thtir backs, than oo their bellies. 

The snow which covers the luriace of thr earth Id winlei in 
high latitudes is doubtless designod as a gxrrnent to defend it 
against the piercing winds fioni the pokr region* which prtrai] 
during the cold season. 

Williout dwelling farther uporfthe philtMopby of this tnuh in 
must briefly remark that the happy applioitioa of thi* law, tttU- 
gctorily elucidates some of the moat InterettiDg facU <f ftB' 
lomy of nature. 
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SECT. VIII. 
THEORY 

OP 

CALORIC OF FLUIDITY, 

OS 

LATENT HEAT. 



X HERE are tome bodies whicli when submitted to the » 
of caloric, dikte to such a degree, and the power of aggi 
tion subsisting among tiieir particka is so much destroyed and 
removed to such a distance bj the interposition of caloric, 
that they slide over each odier in every direction, and therefore 
appear in a fluid state. This phenomenon ia called /«»on. Bo- 
dies thus rendered fluid by means of caloric, are said to hcjiisei, 
Oi melted; and those that are subject to it, are called _/kti We. 

The greater number of solid bodies, may, by the application 
of heat, be converted into fluids. Thug metals may be fiised-L 




TBBOBY Of CALORIC OP »tOf»ITY, 01 LitkRT DIAT. OS 

loric. Solidity U ihe uatural gUle of all bodiet, uid iherr can ba 
no doubt that cvcty fluid is cap»We of being rendered solid by a 
dne reductiou of tempcralure ; and every wlid may be fujcd by 
Ihe agency of caioric, if the latter does nai ilocompoie them at a 
lempcraiure inferior to that which woidd be ncceuar/ fat their 



CALORIC OF Fl.mDrTY, 

Dr. Black was the first who provRii that wlicnever caloric o 
bines with a solid body, the body becomes heated otily, t 
it is reodered fluidj or that whenever it has acquired the 
state, its temperaUjrc Tcmains statiotiaiy, though cahiric ii 
tinued to be added to'lt. The Maae is the ctue-whcii fluidi I 
converted iolo the aerifbrni or vaporous slate. 

From these facts the laws of latent heat have bceD latamd. 
TTie theory may be illustrated by mcaii* of the foUowing c 
perimenu; 
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If a lump of ice, at a low temperature, suppose at 32", be 
brought into a warm room, it wili become gtadually leu coldj 
as may he discovered by mean» of a thermometer. After a 
abort time it will reach the temperature of 32" ; (the freexiq 
pjriiH) but there it stops, The ice tlien be^ns (o melt; but tJ 
process goes on vtay slowly. During (he whole of that time il 
temperature continues at 33^ i and aa H ig eonatantly surrounded 
by waim air, wc have reason to believe that c^orie is constantly 
ruleritig into il ; yet it doeK not become hotter till it 
iiito water, Ice ihettfope is converted into water by aguant^ 
of caloric unitiog with il. 

It lias bc«n fouod by calculation that one pound of ice in a 
ijig abaorhs I4(f of caloric, (he (emperatwe of the « 
^uced atill remaining ai 



IS fact Oiay be prove: 



1 a direct manner. 
Fa 



r' m 
- ^^^^^H 
fiXFCXlWBNT ^^^^^^B 

,Take one pound of ice il 32° rcducedlo a coaree powdei, pu 
it into a wooden bowl, aiid pour ovei it gradually, one pound of 
water facaled to 172°, all the ice wiU become melted, and Ilic 
temperamre of the whple fluid, if esaajioed by a thcrmometw^, 
will be 32* ; I4rf' of caloric arc therefore lost, and it is llilc 
qoiDtity wbicA was rr^uisite loconvcit the ice into water. 

ThU caloric ha« been called Uucnt eahric. or rather, calodr al 
fluidity, becaufC its presence ii not meauiTable by tiie thenno- 
mtUi. I 

Dr. Bkcli baa also ascertained by experiment, that the fluidity 
of melted wax, tallow, spermaceti, metals, he. is. owing to lbs 
■Bme cause, and Ladriani proved that tbis is the case widi ml- I 
phuT, alum, nitrate of potash, &c. 

Wc consider it therefore as a general law, that whe 
solid is converted into a ^iijd, ^t combines with calcoic, a 
is the cause of fluidity. 

On the sudrfen tranrition of solids inio fluids, is fotuidt 
well known 

»raoDucnoN of ahtificial cold, 
py UEAMS OF 
FRIGORIFIC MIXTURES. 

A nomber of experiments have been lately made by d 
{UlOMphcrs, b order to produce artificial cold. And as | 
Wtlioda are often employed in chemistry with 3 view to 
fao bodies to the influence of yery low Eemperatures, ^ 
|bU enumerate the dilTcrent tubstanccs which may be mada 
Wlai thai purpose, and the degrees of oold which they all 
niblc of producing. We are indebted for them to Fepys.Wa 

d Lowiti. 
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TABLE or ^iweeiiiu MixtvuEs 

FfiiEJiZlNG MiXTURES. 



TAemumeltr jinti. 



Muriate of ammonia. .3 pBits 
KitMte.of pol^h.... S 
Water 16 



Muriate of ammoDia, spirts 

Nitrate of potash 5 

Si^phate of eoda. , . . S 
Water 16 



Sulphate of Koda.^... 3 porta 
Diluted nili'ic aq^. . . 2 

Sulphate of soda 6 parts 

Muriaiic acid 5 

Moriate ctf' soda 1 

Saavr or potinded ice . 2 pHrts 
Muriate cf 4oda i 

Snow or pouiidedicc. J 
Muriate of soda, S 

■ Muriate of aimnqnia & 
rate of potash 5 



From 50= to 3'. 



From 32° to 0», 



Its or FKEEZisi! MisTtJBBs ctmrivvui. 



TABLE - 
FREEZING MIXTURES. 





Mirtura. 






Show or pounded ic( 
Muriate of soda... 


.12 parts 

. a 

. 5 


From — 18° to- 25°, 




Snow and 
Diluted oilrii: acid 


From 0° to — 4(r, 




Muriate of lime- 
Snow 


. 3 parts 
. 3 


From 32= to —50°. 


_ 


Potash 


. 4 parts 





TtKUK or FftCBXIKa NISTUBBl COIttlNVEII. 



TABLE 



FREEZING MIXTURES. 



[.'■ 


Mixturei. 


Thcrmomet^ 


finib. 


Dilated sulphtiric acid JO parts 
Snow S 


From — 68= to 


- 9>,°. 


Nitrate of ammonia.. 1 part 
WatT 1 


From 50° to 4^- 


.Nitrate of ammonia.-. 1 part 
arbonate of soda 1 


Froni 50° 10 3°. 








llphate of soda 6 parts 

trate of potash 2 

hited oitricacid....'* 


From 50° 10 10°. 




ppbate of soda 6 parts 

Irate of ammonia.. 3 
lutcil nitric acid 4 


From 50° to 14°. 




Dsptiate of soda g parts 

fluied nitric acid 4 


From 50° to 12°. 


i 


Phusphaic of soda . g parts 

Nitrati' of ammonia.. 6 
Diluted nitric acid 4 


From 50° to 21°. 


Sulphate of soda 3 parts 

■Diluted sulphuric add 4 


From 30° to 3°. 



t WTO T*W 0*%taVS »T»T( 

I SECT. IX. 

OOICVERSION 

OF 

BOUDS AND FLUIDS 

JMIO 

UK>RM OR GAZEOUS STATE. 



e that ID order tn tender soluiji diiid, » 
xloric is aeeessary, whicb cooibiucs s^ith ilic 
e. cannut be muuiured by ttic tbccinoni'Au , 
flgoof to jptove, that iLe wtmc Itoldi good in 
ifiMV) ^tf iolids or fluids iiUo xhc v-^ron* or 






■O THE GAZEOUS STATE. 



lantityof cartianatc of anunoaia, ftitroilucc il 
xk of whicli ii 4lrectcd under 3 cylinder filled 
ioveila] ia a hasoa of liie same fluid On up- 
Uodjr of (be retort, (lie carbonate of acontoBM 
il will axjiel ihc mcrcuiy out of liie cyliader, 
\iMble gas, And would reoutD so, if.itoteni' 

h bviisulc acid, cai^pbor, uid fulous 



i««l 



AEKocii %T^^ 



C0S\'EBSION 



FLUIDS INTO THE GAZEOUS STATE. *- 



x\.LL fluids may by the applicaiityn of heat be convet 
an aeriform daatic slate. 

When we consijier water in a boiling state, we fold I 
fluid when eximiined by ihe thermometer. Is not hotter a 
Ing Rcveral lioiira, ihan when it began to boil, though ^ 
1 it boiling a brisk fire must necessarily be kept up. 
■n we may ask becomes of the wasted caloric ? It is not p 
Ic ill tiie water, nor is it manifested by tie steam j for Hat 
JBteam, if iiot compressed, upon examination is found not lohff 
ittcr than boiling v,ater. The caloric is therefore absorbed if 
e steiuii, and although what is so absorbed, is absolutely n 
IBry for ih« conversion of water into Ihe form of steam i It ifti 
1 temperature, and is therefore not apprccutfti 
t the thermometer. 

This conduaion is fiirlher strengthened by Ihe heat given dS 
fl?y steam on its being condensed by cold. This is particulariy m 
(jifesled in the condensation of this fluid in llie process of Atti 
p*^B. where upon examining the refirigeratory, it will be (blidil 
|,^t a much greater quantity of caloric is communicated to it, llM| 
^»jW possibly have been transmitted by the caloric whicli iH 
^„Sil)ly acting beftre tlie condensation. This may he easUrfll 
e quantity of caloric cotnmunica 



, «'ater in the refrigeraioty of a stilJ, by any g 
,^I that passes over. 



nqiiat 



I' rtuips ijriautwtiiiJ nv 



hTke loHing poini^ nfdiff'MeiitJtitidt mt infiutnoti (-y atmos' 
^keric presiUTC. 

ic boiling point or tiic conversion of fluids idlo gaiM alwaff 
s place at certain tcmpcmtwrcs, which is diftercnt In different 

b provided the preasure uf the almospherc be the uinie. 

Put any quantity of siilphiiric clhcr imo a Florence fluk, 
Vupend a tfaeitnameter in it, and huM the fiask over an Arganii's 
Hoip, the ether will inunediatdy begin to boil and the thenno- 
Eietcr will indicate 98°, if the ether has been highly rcclilied. 



GxrBiii» 



f 11. 



tfhighly rectified ardent spirit is heated in a similar mnniier, 
ne thermometer will rise to 176°, and there remain Gtatiooary. 



s substiiatfd it will rise to 212°. 



If strong nitrous acid of coranicrce be made use of^ it will be i 
^tuid tn boil at 24B°i — sulphuric acid at 54tP: — snd mcrcuiy I 
>Dd linw%d-oil at 600°, he. 



2. The loUing point offiuidi u 



irderl iij pres: 



Mr. Watt heated water under a strong pressure to 400°. Yrt" 
Blill when the pressure was removed gnly part ert' the water avhb 
QonvcTted into vapour, and tlie temperature of this irspour, as 
Swdl as (hat of the remaining fluid, was no more than 312°. 
IlieTc was therefore IBS" ff caloric suddenly lost. This caloric 
*as carried off by the steam- Now as only about ^ rf Ihc water 



L 



r 



g4 ooMTvaiin* or fluids ivT« Tira OAxnci nm 

was converted into steam, thai steam must contain not fl 
own IB8^, but alsn' tite 169° Imt fay each of (he otitef ftfl 
that U to say, li most contain las^xfl, or about 9«f.l 
therefore, h vr»lfj cambiacd with at least gW uf -iJ 
preumce of which is not indicated b/ the thertnotnet£r'.j| 



. 3. WhenpfSiture u removed from Ihesia/ace af lodii 
Vfriion inlo the gazroits slatt is greatly Jaei&tot 
lioiling point it lourered. 

In proof of this ' tht follo\»!ng expclmieDfs tiify si 

EKPCBIUeKT I. 



^^M Let a small bottle be fiUed with bigfaly rectified | 

i^M' ether, and a piece of wetted bladder be tied over i 
around its neck. Transfer it under the receiver of" ai 
and take awaji the super- incumbent pressure of the ii 
receiver. When the eshaustion is corapleat, pierce thofl 
by means of a pointed sliding wire, passing through a. c 
leather which covers the upper opening of the receiver. 

^^Mione this, the ether will instantly begin to boil, and i 

^^■converted into an invisible gazeous flui<[. 

I with 



EXFESI 



Tahe a small retort or Florence flask, fill It o 
with water, and make it boil over a Limp; when ka 
bulling for about five minutes, cork the month of the s 
expeditiously as possible, and remove it from the lamp] 

The water on being removed from the source of ht4 
keep boiling for a few minutes, and when the ebullttioii^j 
p. J to slacken, it may be renewed by dip;^g the retort i 



[ The water daring boiling bccoumi convertcil into vapour, tbi* i 
jhapour expels the all of lltt v«sm1 and ooeapifA iu place; on 
diminishing the beat, it condensM ; when the retort is MXopped, a 
partial vacuum is fbrracil; the pri^ssurc bccotnci. diminished, and 
a less degree of heat is sufiidcnt to cause an etniUition. 

For the same reason water may be made ti> boil DDder Ibc cx- 
Imusted receiver at Q^ FaliC, or rivcn at > timch loWet- dt^^ice t 

bicohol at 56°, and ether at — 20°. 

On theconfeT»ion of fluids iiitogajcs is founded llic foUoving 

experiment : 



i ofnifpAuric other. 



I Take a thin glass tube 4 or 5 inclics long and about two or 
Ltbree eighths of an inch in diameter, and a two ounce bottle fur- 
(nuhed with a capillary tube fitted to its neck. In order to make 
;«e, pour a little water into the tube, taking care not to wot tho 
. outBide, nor to leave it moist. Having done this, let a slrcani of 
Au^huric ether fall through the capillary lubr upon that part of 
it containitig the water, which by this means will be converted 
into ice in a few minutes, and this ii will do even near a fire or 
Id the midst of summer. 

If the glass tube containing the water be exposed to the brishJ 
.Ihorongh air, or free draught of an Open window, a large quan-J 
tity of water may be frozen in a shorter time; and if a thin spiraF 
.w^irc be introduced previous to the congelation of the water, tha 
Ice will adhere to it, and may thus be drawn out conveniently. 

A person might be ea&ily frozen to death during very warm 
weathcr> by merely pouring upon his body for some time sul- 
pliiiric ether, and keeping him c^iposed to a ihoroiigh draught 



F 



ABTIFia.\[. REnUGBRATION. 

The fOolJDg or rcfiigcration of roodit in 
y iprinkllns ttiOQ with water bKamci lilicvrise abnoas q 



The nttkod 1^ making it* mTt\fia^ly it ikt Ean ImA 

\ Dependi on ibe same principle. The icc-milun it J 

{ pits in brge open plains, the bouom of vidcfc tl 

b *ugar tines or dried Mcms of maise or Imfian com. ' 

I bed tht-y pbi.'e a immber iif unglazcd pani, ■ 

u m carlh tliat the water penclrates ihrough thirif # 

mce. Tlicse pans an; fiUt-d towards evening \\ 

n with water that has boilM, and left in ihat siniRliaal^ 

ming, wbeti mare or leas ice is fuiind in ihun, flceonfiDgtoi 

s temperature of the air; there bdng more formed rn 4j' 

d warm weather, than in ibat vhicb is cloudf^, though it n 

e culder to the human body. 

[ Every thing in this process is calculated to produce cold bj' 

Iwaporalion, the beds on which the paos are placed snifer the sfe 

p have a free passage lo their bottoms, and the pans conslul^ 

out water to their exiern4 surface, are cooled by the ti 

\a of it. 

Spain, they use a Itind of earthen jars, called buxaH^ 

are only half-baked, ibe earth of which is ao porous, duft 

; outside is kept moist by the water which fillers through %' 

d though placed in tht sun, the water in the jar beconesif- 

bid a« iee.« 

[ It i« a common practice in China lo cool wine or other ll^OCIa 
Y wrapping tlie bottle in a wet doth, and hanging ii aii in ml 
e water in the cloth becomes convf^rted 
1 is produced. 



ABTIFiCI Ab SE»t«Km AT I O K . 



C blacki in Senegarabn have a Mmilar mcthul of cooli 
T by filling tanned leitbcr bngs with it, whitii tiicy bang 

I in die sua ; ihc waier oozes more or kvi ttiruui^b llir leather 

o keep Ihc outward surfnce wet, which by its quitk ood 
, tinned craporation cools tlie water remarkably. 

The winds on the borders of the Persian Gnlph ore ofit 
scorching, that traveller* are suddenly auffiicalcti nnlei* 
ccn-er their heads with a wet doth ; if tliis be too wet they 
mediately feel an ialolerahle cold which would prove fatal if 
moisture was not speedily dissipated by the heat, 

If a cold vessel U brought info a warn) room, partkuli 
where many people are assembled, the' outside of it will 
become covered witli a sort of dew. 

£efore some clianges of weather the stone pavementit, 
walls of a house, the hatustrades of stair-caiea and other 
objects feel d^mray and damp. 

]li frosty nights, when the ai 
within, the dampness of this ait 
the glas5 panes of the windows 
and beautiful figures. 

Thus fogs and dews take place, and in the lugl^t 
clouds are formed from the condensed vapoiU', The still gi 
coudeasation produces tiht! and rain- 



abroad is colder llian tlie ■ 
for the same leasan. settles <i 
□d is there trozai into curia 



9^ CAPACITY OF BODIES FOR QOITTAININO HXAT. 



SECT. XI. 



CAPACIIT OF BODIES 

FOR 

CONTAINING HEAT- 



2. HE property which different bodies possess^ of contalniif it ' 
the same temperature, and in equal quantities^ either of mass « 
bulk, unequal quantities of heat, is called their capacity for heat. ' 
Th(; ra])a<:ilies of bodies for heat arc therefore considered as ^*at 
or smnll in the ratio as their temperatures are eitlier raised or 
lowered by tlie addition, or diminished by the deprivation of 
<:q»Kil <ju:uitities of heat. 

I n homogeneous bodies the quantities of caloric which they 
contniii are in the ratio of their temperature and quantity (rf 
mass J for instance, when equal quantities of water, oD, or mer- 
cury, of unequal temperatures are mingled together the tempe- 
rntine of the whole will be the arithmetical mean between the 
t<nij)er:itiires of the two quantities that had been mixed together, 
n is a self-evident truth that this should be the case, for the par- 
ti* :l<'s of different portions of the same substance being alike, their 
'•ffects must be equal. For instance. 

Experiment I. 

Mix a pound of water at 1/2° with a pound at 32*^, half the 
rxcesH of heat in the hot water will quit it to go over into the 



CMACITT 9t M 



A vna cexTAimarii omat. 



jtaer jKJtUon i tlnu.Thc bol w«lfr «i;i 1, • . " ''-.I 7*'*, 
cold will receive 7O** •>( Itmp > 

U^riliunciical DMUi vny exactly. ■■ 

^^KjA'hen lieTcrDgcneAos bodiet of dijfcirBt hmpentorct nre d 
^^Pgeiiier, the temperature jiruduced is Diner (tic aritfa 
'mean of ihe iwo origiua), temperatures. 

Ill order to ascertain ilic comiiaMtive quiinthie* of hnt d 

fiirent bod/cs, equal trrigAU of licm arc initigird rogetbcr^ 

^tnciifi|foT tiii9.{)^upcHe EjctRginge^rrratroore^Mailye 

D tlune by wbidi Utcy urc conipved bom cqiul bolk«. 

EsrtXIHBHT I. 

; pound of mcreuty IiKited tu ll<y* Filir: be 1 

k pound cf water cf 44°, iLe tcraiioature of the blcndol t 

It be changed to 77°, ai it would be if ihc surptua oTll 

e divided among dime fluids iu the proporUon of iheir q 

It witi he found on exam'mation (o be only 47°- 

ExPEBtMENT II. 

n ibe contrary; iftbrpoimd of roerctiry be beUei tot 

Mer to llty then op iUrring iticm togciber tiie d 

D tanpersture will be 107". 

Rence if the quicbsilvq- Ioim by this diaOibuiion 63° 1* 
iic, an equal wcj^t. of water S^ia* poly 3° from ibis low a 
ieai. And cm the oontraiy, if the water loses 3" ibe D 
13". 

■n, instead of comparing ibe qnnntiiies of caloric M 
vnghft of different bodirs contain. ■»« compMClbe q 

• Cnwbnl ou AniimJ Hea, f. jj, *c- 



6025<v^^ 
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KMII.ITIOK OF CALDXIC. fl 


ll>.W-l-V.T 


rl>.it tlKv 


;.r<- 


r<tV:ui.d by all transparent bodiei whiil 


h.iM- !.<■. 


> .■llll.l..v>-. 


.1* 


xirnini; ;^1j4»-i. 


Tlir r 




W . 


. :il«. nUecicd by polished surfaces, ii 


tll<- *jnl. 


IVJI11KT .1. 


111. 


r.)y* of light. 


■n.U «.i, l..n; a 


;i> 


■ >ii.t.I t)v l.-imben, Saussurc, Scbedc, 


Viilrl. . 


nJ Ui.lv 1. 

..r ri,-.,.. 


11 


H.r^.liil. 
1 lu.i I'l'iii-.ivt: metallic mirrors oppoiitB 


l.> (-.1.1. , 


Illfl .H till- 


.'.;-: 


ii.r .^f about iwcWe feet. Whec a hot 




iiv;. IniU. 


I'- 
ll. 


in^um'.'. wji placed in the focus of the 
i riiu'iiuitr ill ihai of the other, a nib- 


M.111,1- 1. 


li.ii..! rVmi 


Ill 


bwUci : it paired w-ith incalculable Tfc 


llX'llt ll)I 


HI;;!' ilii- .i 


.i( 


'. .^ r, d< .-ti'd iViim the mirrors, it became 


nm.-. nil 


i.'.K .1.1,1 ii 


1-.1,- 


liJ ihf themiomeicr placed in the fbcMi 


.l.V..l.h- 


1,. du- a. 


M.' 


.1 ii* i.-u-'iK.fiitrjtion. 



dianietcT, heated so that it was 
ml liiiiiiiinin ill [III .i.;rk. r.r-Jdthe tbirniomelcr not less than 

A li.'.lii.il .Mu.!!.- .■.\M*!,':i,'.! ,1 r.«- in iht thermometer nearly 



d three drachms of 
'tcT three degreei. 




''UWAnmf OP ektdBtc. 



B its tcmpefsture is lowered. Or as PicWt haaauppowd, wl« 

mbcr of bodies near to each uthpr hai-c the sanic (wnpcit^ 

tevtna radiation ol' caloric, bcciiuiic in all of them S 

a stsit vf equ»l tP-njion j but as soon as a hoAy at ai 

■ tEmperature is iiiiroduced, iho balance of tenalon i 

, and caloric begins to radiat'^ from nil of thctn till fj 

bperature of that body is raised to an r-quality witli thein j 

B tJie Bbove experiment tlipi'cfore, the placing the &n 

•in ihc focus of the mimw catises the railiatioii of caloric /rora tl 

,• /tbermometcr, ami lie nee thn diminulion of temperature 

■"ir sufiprs. 

These eipcfimcnts have becu lately repeated by Dr. Ym 
I JkDtJ Profrssor Davy, at the theatre of the Royal Itistitutifflij 
r~*rhc»C gentlotncn inflanicd ]ihusphorus "by reflected talorJcj 
m. proved thai Ihc heat thus excited was very sensible to the org 
^ of feeling. 

It Is ihercforc evident that caloric is tlirawn ofF from todies j( 
Viays, which arc invisible, or incapable of eiCiliog visioOj I 
f-vliich are capable of exciting heat. 

These inviiible rays of caloric are propagaled in right llM 
with extreme velocity, and are capable of the laws of tcllcctiol 
and rrtVnction. 

Tlie heating agency however is different in the dillerent c 
loured rays of the prismatic spectrnm. According to Dr. Hell 
cbel's experiments it follows inversely the order of llie rcfratl 
bility of the rap of light. The least.refrangibie, possessing it b 
the greatest degree. 

Sir Henry Englcfield has lately made a series of experin 
on the same subject, from which we learn thai a iliennomi 
having its ball blackened, rose when placed in the l-lne ray of^ 
prismatic spectrum in 3' from 55" to S9° ; in the green. 
from Si" to 58' J in the yelhw, iu 3' from flff' to 62° i in I 
i«« retl in 2i' fro(n ifi* to 72° ; in Uie confines fftke red, ^ 
GA. 



e* CU.OIIC 



r 

Between each af tbc olwemdou, ibc dwnnomcter WM 
n ihr '■hoile so king a* to link It below ibe bent to wiiicli it 

a the prpG«>di&g otMeraiion. nf cournc its nae above ttn! 

M, could onljr be tbe rficd of the tar to which ttvra3expD«J.{ 

B cMit'UUcil ia the fbeiu long after ii had ceased (0 Wr 

; the bciti giten are the girstrst ejTccls nf the urod. 

u the tbennorocici to each obtcrtatkio. A tberTDomettr 

asOntljr iii the ibadc near the apfuratvu, \ru (mi 

o vaiy duting the cxperimeots. 

r Henr^ oudc odier experitnena with thei-tnometen wiAr 

d baUi, and with otbcn, whotc bolU were pa'mted whil^ 

fer which *"C tefer the trader to the intenestulg paper of thel*-l 

' from whii:b the abcnr ripcrinK'itts are transcribed, 1 

I IV coloured rajri emitted from the sun and combustible^ 

Be>, «mcr they excite heat and viiioa, must.co[uist of a mishrii) 

if hcai*makiug ravi. and mys of light. 

I And as the rays of heat and light accompany each other 

nitlcd from luminoiia bodies, ibe velociLy with which thce^ 

kloric move must be e<iual to that of ligbl, and hence iti pin 

« must be equally minute. They differ however IQ this potl- 

. that Ibe rays of light produce the sensatton of vUtu 

nsscfis certain chemic^ properties, 

nc,fhc peculiar agency of heat resides. 



LIGHT. 



PART IX. 



JL HE nature of light has occupied much of the 
, thinking men, and namerous opinions have been cnterti 

eoncernmg it. It has been sometimes cotitidcred a 
I substance, at other times as a rjufilily ; sometimes 
, Jire^URnily 38 an ctfei?t i by some it has been considered a 
compound, by others as a simple substance. Philosopher 
present day are nol agreed as (o Cbc ludejjcudent exietcnf!^ 
light, or tJie cause by which wc see. 

Ttiis is noi tlie place for discussing the respective merits o 
the ingenious hypotheses, which have been aAvanted c 
this subjei:t. we shall assume ifac doctrine of those, who 
the- indqjendent existence of liglil, not only because il 
generally received, but is also best calculated to exjdaii 
mical properties. 



KJlTL'lt OF LIGBT. 



NATURE OF LIGHT. 



JLilOlIT is iliat which proceeds from any body pmiaacfit 
nii^M-.on ill i:-:,-:;. ir pcn-ipiion ..I" other bodies, bj icpce^ 
an iin.ii;'- ''f rMfrr;.-'. ^ He.-y on the retina of the eye. Haa 
i< .iiin»>uiKcs i- ■i;ji:i-.,j'.i tht- prt->enee of the bodies which » 
ii>iiii<t thrin. .iKil (~.)b:L' thfri to disiingui&h these bodiciia 
li.iii'l«.iR-i;t. t-p-K.;.'. -'-Tii t/Ioured. Thc^e propcnics he I 
(•-vnij.i'.!\ .vi-iuvteU v-.-ii th- prtsence of light, that ht* 
L'^ii- i?!i-.',i !-. ;!:,- .'.."'•.. J".j bci -riii- undi«iin^jishablc. 

I ■•'•1 ■.' T..';.ir,-i-^ .1 r/.. '-.pher- as j substance coniiftii^i 
.1 1 t.; :■;, -:v7 .-t'fv,-,-;- ■. i-^!;. .:".i:; pinlclfi, which arc KOi 




KtuHeno* LICIT! id; 

.A medium is a body whidi affoids a puuigf ir»r (lie n>^ cf 

L bram ofligkt i» a body of paullcl rayt. 
^pencil, q/'rai/i is a bodyof divcrjcliig or converging rayt. 
merging rayn arc rays wtucb ti^nd ici a comiDou point. 
merging rayi sre Uioac wtiici cunw ftum a point, and COH- 
iQy scpanle as fUey pmixAiI. 

c rays of IJglit arc paralM, when the lines whidi ihey do- 
tn>e arc so. 

77i« radiant paint '» tlie point from which diverging rays 
Dceed. 
'\M.~tie/ocus \s ihe point U> which the converging raji are directed. 



3. SOURCES OF LIGHT. 

Liight is emitted from the sun, the fined *lars, and otlier lu- 
BOUS bodies. It is produced liy pFrciisaian, duriog dccttifti* 
t, conibustion, aaA in rarlous other chemical prac«H'«. 
IVhy the ami and stars are constantly emitting liglit, ij a i^tiei- 
1 which probably n-ill for ever baffle human undcntaading -. 
my rate Ir is not connected wiili chemistry. 
3tte light emitted daring coirbuslion cjists previously cither 
bibined with the combtuiible body, or with tlie suhklaiice 
ildi supports the corabnstioo. The light libcialed during che- 
ail action, formed a constituent part of the bodies which act 
each other. The light emitted during pcrciusioi: and clcctri- 
iwi, &c. is foreign to our subject. 



raviiCAL rHonaTiM or tt«iT. 



PHYSICAL PROPEETIKS 



I. VELOCITY OF UGHT. 



X HE velocity of light is much greater than that of ■on' 

the flasli of a ^n lired at a considerable distance, is xa^ 
the report is heard. 
The clap of thunder is not heard till some time i* 




MOUENTm o 



rfait obsen-3tion, nbich wns fint made by Roemer, hai been 
^finneil b/ Dr. Sndiey't ingmiou* Theory of tbc Abenation 
the L)s)>t£ of the lucd Stars.* 



I 



2. MOMENTUM AND MAGNITUDE 
PARTICLES OF UGHT, 



The velocity of tight being thus ascertaJned, wc should be 
ibled to form some notion of the roagnitade of the pHrtJcics of 

Lif we were in possesaion of good observatioiu oo the eflcct 
r momeDtum. 
rcrexamplci it is found that a ball from a cannon at its first 
charge flies with a velocity of about a mile in eight seconds, 
I wonld therefore arrive at the sun in thir^-two years, sup- 
ing it lo move with um'emitled celerity. Now light moves 
(nigh that space in about eight minutes, which is two million 
lea &steT. Sut the forces with whieh bodies move aie as 
ir masses multiplied by their velocities: If therefore the par- 
es of light were equal in mass to the two millionth part of a 
in of sand, we should be no more able to cndin-e their im- 
te, than that of sand when shot point-blank from the mputh 
I cannon, f How much less must therefore be the particles 
light, which makes no sensible impression upon so delicate 
pi]gan as the eye. 



3. LIGHT MOVES IN STRAIGHT LINES, 



Vhenever light passes through a space occupied by a mediuiB 
^ density, it describes right lines in all directlons- 



av. p. 6j7, tBitii. f. I. 
ilunl PliUo9d[ih;, vol. 1> p. ){<S 



Darkrn a room into which the son shines and on 
light by a small hole in the window shutter; and pi 
to the hole a board or screen. If we look at the K 
sene thereon, n picti;re of all the exterior objects wl 
posite to the hole in all tlieir natural colours: t 
are faintly depicted ; the images ot the objects that ai 
as houses, trees, ^^c. are likewise fixed or stationai 
ture ; whilst the images of those that are ki motkui 
horses, carriages, &c. are seen to move. If we p 
in this ray, we find that our eye, the light and the 
one and the same straight line. Which is a dear pr 
is emitted in strai£:ht lines, bv the luminous bodies 

It is equally obvious from light finding no paa 
bent or crcoked tubes. 



4. REFLECnOX OF LIGHT. 



Another property of the rays of light is their i 
disposition of being turned b.ick into ^he medium i 
moved with a certain obliquity, so that the light ii 
without cominii into conUict witli the matter whid 



tmntenotf or itniiT. 

Hime* to nun on till U romrf to the irppmila turfiwc) tnitl 

Bien iDstcsd of pataiDg through, it bemit nml [mMfJ out again at ' 
pne intne surface ai v/hktt it uilerfclt juii at a hall would do tf 
■ladc to stiike abliqtidT against n floor. 

ExriBIMENT I. 

la heasn of u>Iar light pai& iiitu 3 darkened roaia Uinm^ ' 
Ejn the wuido«i--»butlcr [ at tliat pan of tlic Ikar, when 
1 of light lilU, [ibce 3 looking-gbjs, and then throw 
Ptiair-powder into the air in cirdcr lo rciida the beam oS 
It more TOibli-.- 

Wc shall then tee that thp beam is rejected back ioto the mt, 
i that the iDcljjiatioD of the reflected beam, is exactly the m 
It that of the iucidental one. 
Hie cammon experiment af diildrcn rajiting the light of th 

, tiy means cf a looking-glassj into varioui diitant pbc 
illustrates tbii property, 

S. INFLECTION OF LIGHT. 

' When n ray of light passes withia a certain distance 6( a bo&y, I 
fjAtaUel to which it is moving, it is attracted, ar bent tfnimrdi jt.^ 
This Inflection (» cauied by an attractive power to wiikb L 
tij^l is obcdieDt. 

■ • EXPBBIMENT I. 

Admit a beam of ligiit into a dark room, through a round h 
iH the window- shut tpr and place nt the spot on the flnnr w 
' it fells a abeei of paper, the rays of light will there foi 
jTOond Inmimnis spot. But if we bring two pen-knives, with 
their edges tiiwards each oilier, on opposite; sides of the bole, 
Wid rOnke ihcm approach each oih'T gradually, the luminoafr J 
^ot will dilate tiaelf on the sides nf llie knives, indicating tl 



■BFIACTIOV or I 



tboie rxfs which pus ncarett the edgei of the kiiifei, iMli 
drawD from their fonner direction tmrardi the kniiB 
property of light » called inflrclton. The edge of 1170^ 
plate of metal produces ihe luoe effect. 

ExfimiMBVT n. 

If we let a beam of light pass into 3 dark room diroi^ il 
TOW slit made in a window -shutter, not above ^bq part of 
inch broad, the beam of light wilt be spKt into two, indld 
dark space in the middle, it will therefore be otmctedtrM 
■ides of the slit. 



Expi 



r m. 



The shadow of a small body, as a hair, a thread, ice. jl 
in a beam of the sun's ligiit, will be much broader A 
ought to be if the rays of light passed by these bodies in H 
lines, or without being attracted by them. 

6. REFRACTION OF LIGHT. 

When a ray of liglit passes through the same n 
wheti it passes perpendicularly from one medium to a 








igle of incidence is iiuin:ob1i(|ue. AAer having ^^- J 
iw direction, the ray again pnxBod* LnvirioUjr ii 
it meet:! villi a didcrcot lueditoii, «hen it u >g 
counc. Thi« rrlVictioii ol ligfai may be Ubutr^^ 
ihb of tht following espciitneiiU : 



EXFI 



rl. 



1 



Take an empty biMtn, and on the bottora fix marlu ai ^ ^^ . 
distance from each other, then take it into a dirk rvota ^n.* •„ J 

La a ray of Itgbt ^ where this ray tails upon ihc Scior pla^ ' 

bason, so that itd marked diametrr m-ty point from tii^ 
dow, and so that (he beam of li^it nt^y fsll on the nuric; 
' &t3iii firoto die windoK'. Uaviug dooo (ht» whvo ibc ba^-p^/ "pr 
^- filled with water, the beam wiiick before fell upoo the nio^t d* 
y taui mark, will now by ihc refractive powcrof tficwiicrbc tij— -- 
, out of it« straight coutjc, and Will fall two, ihrcc, ot mere g 

Kiwawf lo the ccntfBirf the baton, 
is may be more clearly proved in the following it 
EXFEBIMEKT II. 
t a small bright object be laid npon tlic bottnm of a , 
dncal TCMcl' N. B. A. L. at C. so that a ray pasti(^ ia a Hgl„"|j 
from the remote edge cpf the object to tl^ ^ 
at S. will be futercepted by (he edge ^f |{ 
Teste), or that the firil ray which ti 
^B (ctcepted passe* in the direction O. N_ | 
above the ejc. While the eye cont 
in the same situation, if the vessel be £ 
-'(-with *ater ibe object will become v 
that is the r^ which passed from the remote udgc of the obje^ 
m a right line C. N. O. by the w!*scl, on entering the air ii j 
^cted into the direction N- S. towardi the eye or from the p 
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JtKAl-VBIS OP LIOJIT BT 



s be plnccd in these sptttra. ihej wiU appenr of 

red in tht rcU ligiil, grren io the (jrccn Ughi, 4c. 
bposition dfccted by mcatia of tbe prion hu tbcre* 
Jed an analysis of light. 

Wired rayB differ I'tora each other in rdlcxihilily. rr- 
, and inflfTiibility, The red is thr. most rriraogible, 
le least ; the others arc refrangible in ihc foUffwing 
ff, orange, yellow, green, blue, indigo, md «=olct. 
idicl has lately prored* that the rnys of light diifct 
r of illuminating objects. Tlie niys townrdi Ow 
t spectrum possess the greatest illutnln^titig powcrfi 
Ihe exireraity, the least j the illuminating power of 
niiiUy diminishes from the middle of the ipectninl 
Itremitjes. 
; supposed that three of these colours, the red. jrd- 

■e simple ; and that the other four were formcil 
fto contiguous ones ; that is, the orange frocn the red 
the green from the yellow and bluej tbe indigo 
z and violet; and the violel from the indigo and 
ISU^OSitiontai not yet been satiiC.ii-ti>rilvnr<ived, 



PhdoHpli. Trail, itoo. p. ifj. 




IDBT UV «.<>I.OUKS 



THEORY OF COIjOURS 



Jrl A VING so far considered tht nature and eObcta < 
Mid seen that it is subjeci like other matters lo the lawa' j 
tractioo and repulsion, and iliai it may be analysed by' 
of the ptism into several lays of different tints ; w aljnffl 
endeavour to jirove, tliat from the njtuie of these differeou 
arises that variety of shades which paints the face of oatui 

Her it is that whatever pleasure we derive 
beaulj o i-oloUriiig. is owing to Uie different refrangih 
light, uacli Sjcct sending back to our eyes, those rays, J 
the peculiar structure of its surface is best adapted to rrfleB 
this sense, the blushing beauties of the rose, and the 
of the violrt, may be considered as not in the object t 
hut in the ligl" that adorns iJiem in those robes. 

The colours of all natural bodies depend on this refranc 
of light) they may be considered aa priams, which t 
or rather divide tlie light. Some reflect the rayg withoiitfl 
ducing any change, and these are while; others absorb'tl 
and are therefore bUuh ; the greater or Jess affinity of the » 
rays with various bodies is no doubt the cause that when a 
of light falls upon a body, some rays enter into it, wbilstcf 
are reflected; and it is this which affords the diveraity of ei 
md the protVigions variciy of shades under which bodies a 
ir eyes : and thus arc formed the pellucid stream, the 

, the while froih, tlie dsVkpool. the azure sky, the v 
B of the pigeon"! neck, the opal, the motlier of pear 




TjiEonT nr coLonai, 

lied chaogeable, kc. aiiA hrncc the nliitr l-oIout of ths 1 
, die copper colour of tlic Americin, and black ooloor 
E Negro. 

WHITENESS. 

composition of light, is that of whlltneucl 
no one sort af rays which can alone exhibit this colour, Itl 
jIj always coiDpound, and to its cnraposition all llie aforeaatd pi 
.'inary colours are neces^ajy. It is the most surprising foinpo 
sition, aa asaenMsge of all the colmirs of the priim^ in union ii 
I a due propurliciit, milenrss tkurifore or the solar iight, is aZ-l 
mpouitd, it is produced by a copiolu reflection uf the rayll 
of all iona of colours. 

A spinning- tup painted on the surface with the colours of tbof 
ipcctTum of the prism may serve to prove this. On tpJDning the j 
tOPi it revolves rapidly on its axis ) while it ii so revolving, tiomr 
uf the colours can possibly t)c distinguished singly, but the whols j 
ig^zj» wlute ; this whitenest will be greater >ii proportioD a, 
iie primitive coloura are brighter. 



BLACKNESS, 

On the coiitrai^', io produced by a total absorption of the Inei* 
I deotal li^t, which being stopped or absorbed in the body is not 
reflected outwards, but refracted within, hence it is lost and pro- 
duces darkness. 

Such are the principal physical properties of light. Optical 
writers may be consulted for a n):cat number of curi«os and usc- 
ftl deductions made from these principles and applied to the 
doctrine of vision, the nature of colours, the coastruclion of 
mirrors, and oUiei instnunents, not immediately within the pco- 
vinee of irlicmiatry, 



Ha 



iiMicAL 'loruirutaK i-tcw 



CHEMICAL PROPERTIES OF I lCt!T 



Jl HE chemical cficcu of l^htliavtrmucli cns^gcddicdj 
of pliilp'opl'crf > lu influence tipvu aaimal, vrgctatikv 
•ubKUaccs thai) form ihe subject of Uic I'oUawing ii 

. EFFECTS OF UGHT ON VtGETABLI 

£v«ry body knows that most of the discous H 

nm in his coaije ; that they attend him to his ctwi 

ud mcei his rising lustre in the morning w-itii tlic fi 

It is also weU known that the change of f 
leaves of plants ai different periods of the d*y is 
D the agency of light, and that plaats which grow ii 
the ituide of houses are as it were eoltcitous, Co lura tl 
towards the light. Natural philosophers have long b 
of Ihe influence of liglil on vegetation. It was firsl q 
that plants growing iu the shade, or darkness, are pde : 
)at colour. The term etiolalion has bc£ti given to l] 
tneoou, and the planti;, in which it takes placet ate 8 
violated or blanched. Gardeners av»i! themselves t£ tl 
tdgc of this fact, to furnish oui tables with white i 
^etables. When die plants have aliaiticd a certain hd] 
pmprcss the leaves, by tying them together, aud by tl 
K by laying earth over thera) deprive theni of the \ 
ght : iaA thus it is that our white celery, lettuce, t 
ndlvc, fcc, are obtained. For the same reason wood i 
;r the the green hark ; rocM are less coloured than f 
e of Ihem alter their taste, &c. they even acquire a d 



xrVBCTS or licbt ok viorrABLtt. 

quality when suffered to grow npotoi to light. PoWloet itp of 
i. tbia kind. Herbs that grow beneath atoncn ot in pbcci aiicHf 
I dark, arc white, soft, aqueous and of a milil aiid insipid lane. 
• Tie more plants are expoacd to the light, the more colour ihejf ' 
scquire. Though plants are cnpab1e of being luuiUhKl excMd*-1 
ingly wdl in pei'fei^t obscurity, aiiil in llial ittatc Uiey even groir^l 
much more rapidly than in the sun, (provided the air that si 
rounds them Is fit for vcgfitatioa,) they arc colourlesa, a 
for tisc. 

Professor Davj-* found by experiment thai r«l rose -trcci e 
fully exclgded from light, produce rose* almost white, 
likewise aK^rrtafned thai ihiii flower owrs its colour tu light c 
Icrirg into its composition, that pink, orange and yeUow flow 
imbihc *j smaller proportion of light than red ones, 
vhi[i°. flowers contain no light, 

Bui vegetables are not only indebted to thf light for the 
cnlouT : taste and Odour arc likewise derived from the i 



Light contributes greatly to the nwturity of fruits and si 
This seems to he the cause wby under the burning sun 
rica vegetables are in general more odoriferous, of a s 
taste, and more abounding with resin. From ihc same cause ^ 
happens thai hot cUmatcK seem to be ihc native countrtes <l 
perfiunes, odoriferous fruils, and aromatic tesins. 

The action of light is so powerful on the organism of vegctfi 
bles, as to cause lliem to pour forth torrents of pure air from tj 
stirface of their leave! into ihe atmosphere, while exposed to d 
sun ; whereas on the contrary, when in ilie shade, they e; 
all air of a noxious quality. 



• BHdoa'i Phjriic- »iul Mrilic. Coolrib. p. 755. 



IIMEMT 1. 




^^B Take a few haodfuU of jte^ gatbemJ leaves of 
^^^Htagc or any other plani^ place tbem in a heU-gUss filled- 
^^^Hftenh water, fad invcn it into a ba&tin witli the same BmL 
^^^Htbe whole be then exposed Ui ilie direct r»y* of the suu, UuU 
^^^'•ir habhlei will appear on the curface of the |ea^ cs wfaich «i)l' 
gradually grow larger and at kst detach tliemscltes nnd beconiB 
eollpctcd at ilie surface of llie water. TiiU is oxigen gas, fc 
called vital air. 

AU^aDt9 do tint emit this :iir with the same tadlilj } tbenil*' 
' some which yield it the mi>nitnt the sun act* Upon litem, m» 
■■s of the jacobira or ragwort, of Invetidcr, pcppertniM i 
Mine other titoinalic plauw. The leaves afford more atr »lBi' 
attached to the plant, than when gathered; tlie quantity is al* 
Lgreater, the fresher and sounder the)- arc; and If fti]] grown lol 
DoUccted during dry weather. Green plants afilird more air tliSB 
e which are of a yellowish or white coloilr, Ot%eg fruiti af* 
Ptbrd likewise oxigengaij but it is not so plentifully ttunitiitd; 
I by those which arc ripe. Flowers in general render the ll^ 
aowous. The nasturtium inthcum, in the space of a few hour^ 
gives out more air than is equal to the bulk of all its leaves. 

Ob the contrary, if a like bell-slass, prepared in the sanv 

manner, be kept in the dark, another kind of air wiU be di». 

I of an opposite ciualily. The rneihod of roUectiiig and: 

mining these gases, will be shown hereafter, and the pU-' 

y "^f '^^'^ production will then be more fully pointed out. 

;rc is not a substance, which in well closed glass vesadV 

Bid esjjfjBcd to the suns's tight does not esperiencc some allera- 

I amphorkept in glass bottles exposed to light, rhrystaUiscB 

fgetates into the most beautiful symelrical figures, op that 

glass which is exposed 
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I YeUow n-ix exposed (o the Ugbt Umbb iU colour and becomta 
rbleacbcd. Cum giuiaciim reduced lo powder, bccoisct green 
r'on cxponire to tight. Vegetable colours, MicbuthoM: of uAran, 
•logwood, &c. booome pale or white, &c. 
I 

2. EFFECTS OF UGHT ON ANIMALS. 

The human being b cjually dependent on the influence of 
light. 

ADiEiiiib in general droop when dq>riv«l of light, they bo ^. 
come anbeilthy and even sometimes die. When a man has becnB 
lODg conltned in a dark dungcou (though well aired,) his whole! 
complexion btxomcs sdlow, piutules tilled with oqucoua bu-J 
mours break out on his skin, and the pcriion who has thus been* 
deprived of light, becomes laflguid and frequently dropxieaL 

Worma, gnib», and caterpillars which live in the earth or inl 
-jwood are of a whitish colour; mollis and otlicr iaiiects of the 
jDtgfat are likewise distinguishable irom Ihose which fly by day, 
liy die want of brilliancy in their colour. The difference between 
tboBc insects iu northern and southern parts, is still more ob-fl 

The partj of fish which arc expos^ lo light, at Ihe back, fioa,! 
,&c. arc uniformly coloured, but ihe belly which is deprived oti 
light is white in all of Uiem. 

Strda which inhabit the tropical countries have much brigliter I 
plumage, than thoiieoflhe nortti. Those parts of the birds which J 
are ool exposed lo the light are uniformly pale. The feathers a 
the belly of a bird are generally pale or while, the back which is J 
exponcd to the light it almost always coloured; the breast which 1 
is particularly exposed lo light in most birds, is brighter than tb^ 
bcUy. 

Butterflies, and various oibcr animals of equatorial couptries, 
tac brighter cojourt^d, tliati tlio£c of tlie polar regiAns. Some of 
the northern animals arc even darker ia summer, and pnlcr in 
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BFFBCU or LCOKT D« MtT&LLtC OXIDI. 



^^WWhen Uie shadow of any fignrc h UnrmkH upoo ibt pKfOni 
v^tatiwe. the part ct>nr«:a1ed b; tt remain* whiter vid the «Jia' 
paiu ipoedily become dark. 

For copying paintings on gloSs, the solutioD &boiiU be applied 
nn Icaifaer ) and, in this case, it it more readily HMod v^ea than 
Avhen paper is used. 

Afier the colour has been ddcc fiscd upoti the InilKT or {mp^^ 
it cannot be Kraoved by dtc Hpplrciition Dr«-iirf, orwilu^^H 
soap, and it is in a high degree pernunent. ^H 

The copy 01" a patntiag, ai the ptoBU, ttmanltiilcly aUtt ha^ 
taken, must be kejrt in ?n obacure place. It may indeed be n- 
aroined in the ^hade, but, in this ca»c, the »po«tm should be 
only for a (ev mhiuica ; by the liglit of tnndla or fompB, 4kB 
coDomonly epiploycd, it is not sensibly aficctcd. ^M 

^o flttc:|ipts thjit have been made to prcteat the tncotom^H 
parte of ibf: copy or protile, from bnng acteil ujion by light 1m^| 
as yet lieen Miccessfiil. Th^^y have been coveted with 3 tll^| 
cCNUbag of litie varnish, but ^is has not destroyed tlicii *i^H 
CcptJbitity of becomin* coloured ; and cicn aiiQr icpeaied wn^^J 
ijigs, fiuHicieDt of the active part of liie saline mnller will aHllf^| 
here to the white parts of the leadier or paper, to cNiiie lliemj^l 
tiocoiDC dark when cspo«d to the rays of the sun. ^H 

Besides the applications of this mctliod of copying thai hd^H 
bei^n just mentioned, there are many others. And it will be ui^H 
All for making detiiicatians of all stich objeii^tti as are possessedS^f 
a teriure partly opaque and partly Irani'iiareiit. The woody^^H 
brea of leaves, and the wings of insects, may be pretty iiccurM^H 
represented by mi:nns of it, and in this case, it is only nccess^H 
to cause the direct solar light to pass through thcni) and tO'j^H 
eeikv tile shado^^-s upon prepared le.ithc^r. ^H 

When the solar ra) '. are passed tltrougli a print and thrown t^H 
on prepared paper, the unaliiiJed parts are slowly copied; but ^^M 
lights transmitUd by the shaded parts, are Eelduni io definite^^ 
to form a distinct resemblance »f tlum by producing ditferent i^H 
icotitics of colour. ^M 



ArncTi or li«mt oh ntrhLuc o&io*. 




ProresioT Dsvy bu Tound, thni Uic jmiigcs of stntU 
)duceid by meant of die nolnr mivroKope, may be copied 
it dilfiailiy on prnpaicd paper. Ilut will probabl/ be 
illcaUnn of the mtthod ; that it may be employed 

cr, it is iiecc«sary thai the paper be plac«d at 
itKQce fiom the Irns. 
I With regard lo ihp preparation of ihc solution, this genik- 
1 founi) the best proportioni those of 1 part of nitrittr In 
I 10 of water. In ihis-casc, the quantity of the salt opplirf 
■the leather or paper, will be iaf!icient to enable it lo became 
;e(l, wilhout aAecting its composition, or injuring it« texUn&L 
1 Bumford has made iome valuable experirncnU COn- 
ming ibc chemical propertjea ihat have beeu 4ttribu(ed U 
This philosopher observed, that white ribbons wetted 
diluted aqueous solution of nilnvnuirintc of gold, and et< 
to the action of the sun's direct rays, soon become' 
tinged of a beautiful crimsou colour. Magnesia wetted wild 1' 
soluliou of nitro-muriate of gold, and exposed wet Lo the actioiv 
of the sun's rays, soon changes to a purple, and afterwards t6,A. 
deep crimson colour, But if the ribbon or magnesia aftej- bdnj 
M wetted, be dried in a dark place, and then exposed ta.a dnf ' 
slate to the sun's rnys, their colour will not be sensibly ebaaesi 
by Ihe action of the light. 
The following method of silvering ivory, which we sball i 
Tibe from tlie Count's papei-j- is extremely beautiful and 
lay become a valuable acquisition lo the arts. 

Experiment II. 

te a slip of ivory, immerse it in a diluted solution of 
nitrate of silver, and suffer it to be immersed, till ihc i 
ivory has acquired a bright yellow colour; then take it out of 
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jilie tolutiom, snil Lnmjcrec it in > httnliler of pnirc watrr, nnd I 
jnrainediatcljr expose ii in Oie vrMer, id the direct nys of a bright I 
laiui. After (he ivory lias been thiis exposed Ibr uboiU ( 
I tbrce liours to (he action of ihe sna's light, it will appear block, I 
:but on rubbing it a little, the bbck sitrface will btvome dunf^l 
into a meiallic one, tescmbling « slip of&ie silver, 

Althmigh diis codling of reiived metitli ii extremely thin, yet J 
if the ivor/ be well impregnated with the nitrate of »il»cr.' }m\ 
Bolution will penetrate to a. CDnsidenble depth, and a* fast xa 4! 
silver wears off from the surface of the ivorf, tJtc oxid t 
it becoming uncovered, and exposed to the light, a new c 
of revived metal will be formed to replace it, aiid the atn^ce ol 
(he ivory will oot lose its melnllic appeamnce. 

The Count further observes, that this method of sUvcrind 
),ivat]ft which is not only eKpedi lions, but very economical, BUjliQ 
4Uo 4toub( be employed with admntnge in many rases, for omA* 
JtaieDia] purposes. The procest is certainly curious and beautl^ 
UFuI when considered merely as a philoiophical exjNrTlmcnt. 
.1 All metallic oxjds^ but especially tho^e of merrury, bismuth 
(Joiid, silver and gold, herome of a desper colour, by 1 
^AUre to the sun; some of them become perfectly rev ivctt, otlieil 

ionly partially, as may be seen by observing various painter^ 
Cfilenrs, preserved in powder, and exposed to the light, in tl 
,wiadows of colour shops. The yellow oxid of mercury, I 
acetate and sweet muriate, arc very soon affected by light, 
; The black oxid of mercury, obtained by pouring a 
I copiously into a neittra! solution ofsiilphate of mercury, (or rather 
': OD dry sulphate) exposed to the rays of light, becomes readily cou- 
j Verted into fluid (juicksilvr, 

The yellow oxid of tungsten, if exposed to light, loses weight 
|i and becomes blue. 

Gre«n prussiate of iron exposed to the solar light becomes als^ 



120 KtncTt «r tiewT ov actbs. 

The roi»-oc4oure<I tolution orni^Jute of [■■iii,biiii tfi 
CftourlcM when kepi rrxjmal to tbo ligfal, aoi re^aa !■ a 
wbca rcRiovGil iuio tlw ilark. 

4. EFFECTS OP UGHT ON ACIDS 

^ ExPEIINENT F. 

' ' DaempoiUun of nilrie add hy ^Kt. 

If a wblle glaits bollle be halftUled vritfa coaeentmat • 
Kid, andrxposcd to the nyi of the sun, at the ciul of scW 
the white acid will be converted into an orange cok»nd 
fuming oae, aod the bottle will become filled with vrA np 
If the botlle be now cariied into a dark place and nUfcted u 
main there for some time, the red vapours will gradiuDj >■ 
Tilth, and the acid return to its primitive or colourless stUe 

Nitric acid as we shall see hereafter ctHieists of the . 
of two lerifirtn fluids, called nitrogen and osigca. Ihe 
In thin innMncc loses pErrt of its oxigen, which 
llie li^jlit utid fornn oxigen gas ; hence the acid become; 




EFnCTI or LIQUT ON ACIDS. 1^ 

It und inverted id a baaon of waier, care being talcen 

h tube does not touch the acid ) the light fallmg directly 

Se acid, decomposes it, and a part uf ' the oxigen of ihe acid 

1 Ihc gaseous form, and passes into the 



^us there remains no doubt that light acts chemically on va- 
substances. We have seen that incombustible bodies, such 
adds of metals, become combustible when exposed to the 
t i that acids are decomposed by its contact ; that various other 
p'tances change their nature; that vegetables accgui re colour, 
STi taste and infiammability, whereas on the contrary deprived 
£bt, they rem^pale and insipid, and are what is called 
*Mttd or blanched. 

Lgbt therefore enters into the composition of bodies, and ittj 
^ts are 50 considerable, that the skilful operator ought to be 
Aaoily aware of the influence it may have upon the products 
Biitted to his investigation. 
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L tn camxtx*naM cr uuz wris ainsxEVT >qb| 



COUBINATIOM OF UGKT 



DIFFERENT BCOtlS. 



rimXeOPHERSbmx 
I poaed to Uflu. othet X a h^k v fcrar t 

f with it and omt it aguk, widtoui ataani 



SubctiDce* of ibu kiod tore been called ' 
SOLAR PHOSPHOBl, 
Or ndMancrj whiL-fa Bhliic in the djrk wiibotU c 
aAtf bivit^ bcea rspcscd lo t&c Itg^ 

"nie warU U uocked wiih jn Iit"'"*^'™' vaoie^ ti 
F lliu kind. AU icimtrial obfnrG not only poisns a 
I Milling light, bu: tbcr like\nse cmii it ^sia. lite eyes of <1 
I nwb, and seven) otbci Bnimak. arc Foo^tnictcd » a< to od 
I light, lo esalile them to find their fooJ in the ibrk. Waur« 
8cd iirto Ihc form of ke ur snow omR light retnuU 
I ItuR scconnts for the ti^t afibidcd by show, even trbes 
I hcmrcna arc involvrd in c&lrcme djAoras. The »oow M ,, 
ground nbsorbH light, by heing exposed to it all the Say,\ 
j emit* a tonnidcrablc iiuantity again in the Jark. 

Tiie principal boilics of thl» kind, are the fbllowing ; 



r 



IBBT 0» BARVTES, OR goLOOHlAy 



SULPHUREl OP BARYTES, 



BOLOGNIAN PHOSPHORUS. 



The process for preparing this phosphoma ia m follow* : p'lecM 
of sulphate of battles are firsi maiie red-liot, for a 
in a covered crucible, placed in ihe middle of a 6k, wd il 
left to cool. When cold they are pulveriied ii 
and sifted. This powder is furmed into a paste with a lilllc B 
cilage of gum arable, and divided inio calics, cylinder*, or piee 
o£ the thickness of a quarter of*iin inch. Those pieo 
in a moderate heat, and then exposed, by degteea, 
violent heat, among charcoal, in a strong drawing wind-fur 
As »oon as the coals arc half consumed, ilie liirnace inuit I 
filled a second time, and the phosphorus be left undisturtM 
When the coals are quite consumed the ashes must be carcfnlU 
blown oS with a pair of bellows, and the phoiiphonis is fouud ■ 
llic bottom of the grate. 

These phosphoric stones exposed for a few minutes to the 
light, shiae when taken into the dark like burning coals. Even 
inuaeitcd in water, tiiey emit the same glowing light, 
only this phosphorus, but likewise M other phosphori of tl 
class, lose their luminous property gradually, which they hoi 
ever regain on being heated a second ti 

BaTioNALE. ...During the process of preparing the Bolognii 
phosphorus a partial decompositjoci of the sulphuric acid "if U 
sulphate of barytcs takes place. The ignited charcoal, nt a 
temperature, has a greater affinity to Ihe onigen of the sulphuric ' 
acid than the sulpliur has, it therefore attracts it, and forma 
carbonic acid gas i part of the sulphur of the sulphuric acid 
becomes thus separated; it unites to the pure barytcs, and 



Buipliuret of barytes, which seems 



1 this u 



joied to decompose oxigea gas, than when tingle. 



fVLPIIOBBT I 



f LiMt. OB c&vTON • paosraaM 



idicaomcnot) a ibcrefixe » be cwaiactcd awOogrMi to ^ 
cMnboitMn of tlK niltpktiTF Ae nincstioD of odonc. i 
eidt liuMQl of obMrmuod, b«ng too tncoDsidmbb: toll 
e r'*"* bf tbc iciae* ot by the tbcrtniMiKUT. 

3, SULPHCRET OF LI&IE, 



CAKTON** PHOSPHORUS. 

Ttt prepare (1^> pboMplMnu, take sotne ojiter . duUi^ J 
*bciB, by kccpiiiB; ilicm in a good coal-fir^, for abooi afl 
Tbra ;et tfac pturu port of the lime w obtained, be p 
and kiftcd. To tbn« pam of liti» powder, add one of dwM 
""^linr, raix them wdl fogetbcr, put the whole into x e 
MP. and ram it tightly. Let it then be placed in the middl ' 
™*> wbeic it most be kept red hot for ut hotir at least, i 
ibcD be muoicd to cod. \Vhen ii if cold cut or break. (fa« 
to pieces. Scrape ofl" the brigblcsi part, which if good, wid 
in -the dark, This is to be kept in a glass phial, bci 
sealed. 

Ibis is Canton'a phosphoTOS. The qaantity of Iigt( v>M 
Utile of it gives, when brought into a dark rooiB, after i 
been exposed for a few- minsles to the sun, c 
•uiBcicm to shew the hour by a watch, if Ute eyej havel 

1 1 p fcvioudy kept shut a minute or two. 

^^vBATioNALE,.JUmlogous to the former. 

Is a combination of nitric acid, with lime, obta 
.i diiiolving carbooalc of iime in nitric acid; 
■^^ solution in an earthen Tesscl to dimness. Tlus solid i 



NHBATE OF UME, 



BALDWIN'S PHOSPHORUS 



^s^ 



«m«T« or LiKc, I 



i-Uien to be nmmod into a crucible, wliich it pbcnl In t 
middle of a good fire, wbfirc il U to be kept. liU the whole a 
bccinncs liquid. M booq at the htm has fu«ed abtnu «iQ 
minute*, the crucible is to be removed, and lis eonteatt p 
out into an iron pot, previously heated. Tkis mui when t> 
hot. is to be preserved from the contact of ijic ak in a wcO M 
ped phial. 

Baldwin's phosphorus when well prepared. *binc« irilh a bi 
1^ tilu l while lightj after having been exposed to the ana 

^^^■lotleru observations have made us acijuainteicl witii « 
^^^Ber bodies which possess the praperry of shining. After havl 
■EecD exposed to 3a elevated temperature. We know that, i 
only all neutral salts with a base of harjftes belting to this da^ 

tuany other substances, namely, diamonds, and s< 
15 gems, magnesia, carbonate of magnesia, sulpbaie 
ale of lime, alununous earlh, sulphate of potwh, 

01 stroolian, some metallic oxids, cotton wtx>l, appatii 
1e, Ike. display the same phenomena. 

c combination' of fluoric acid with lin>e> conunonly ci 
T fluate of lime, is remnilcablc on account <; 
erty of shiniag in the dark, at an elevated temperature en 
1 the phosphoric flour spar is reduced to a fine powdi 
ftplaced in csi^tact with any body, heated to about 312° Fq 
igh Dot ignited, and afterwards taken into a dark plac 
IS with a phosphoric light. By this means naay be perfoi] 
vritings, drawings. Sec. upon an iron or copper plaie. 
B thin mucilage of gum atabic or with white of egg and strt 
over it some fine powdered fluate of lime. When this is diy, 
all the superfluous powder must be carefully blown oiF and the 
plate removed over a gentle coal fire. As soon as it is heated 
the delioe^ted objects become luminous, and opakc again when 
\Jlae plate becomes cold. 
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UC SUBSTANCES WHICH BECOME I 
KOOS By ATTBmOX C« PEflCUSSION. 



I laoeMlr kocsa bodf offl 



MDBIATE OF LIME. 



HOMBEBG'i PHOSPHORUS. 



^Homberg** prorcu far obtainitig this pbospbomi, ri 
: One pflft of powdrred nmriste of ammoDia is mil 
n of powtlercd llroc, tntrodaccd into a red hot cnidble^ 
p luA fill IImt niivtnrc becomes liquid. Ai soon as ihc ~( 
It betti tmei for • fi^w luinmes 'rt is poured out, into a h 
I |Ni(, bfuken into pieces, and preientd in a well s 
it. 
KTlilt •Ubtlincp has ihe prc^erty of emUting a phnpl 
fttl, trlimi otrutk vr cmcitrdwith a hard sliarp bodj !□ the ^ 
a fed l>n( poker i« dipped inio the ftaed subsiance,*! 
illiKi] iDtt It I* roijl with anotlier piece of metal, it b 
iHlliVUt, Slid ft'Vt^* utit plioiphoric iparks and light. 
iftlil* {ihiHpttrinK li ohlaltied more convcaienily as well ji 
t »»«)*«(■», wlicn that jtortion of muriate of lime, whidifl 
IHB It* ite iBlijII, flfti^r Ihn ifocompoBition of muriate a 
fc It^ ittMfr li mrll.-J iind ll.cn expowd for some minu 

M ur liHHl> ■« 1« lullidaut to melt the surface '4 



Ul'ItATE OP L 



green glais matrass ; it acquires Ihe pmpcrly of giiing ftre « 
Steel, 3u<i emit9 phospliorio sparki and Oiubes of Ugkl in a li 
degree. 

; Those kind of pbosphuri or subiUnceii which gife a perc 
bic sparkling light by attrition or percatsion, wiihout tiavt 
been exponed either lo the solar light or tire, ure likewise d 
rons. Flints, and several other siliceous stones, •irvck a\ 
one another, appear Iudqldous in the ilaik, some thraagh I 
whole mass, others only on the side struck upon. 
phosphate of lime, black-jack, and other «lone» if this gem 
become luminoaa ur yield phosphoric light in the dark, wfl 
struck with a sharp instrument. Gum clemi, varioiis i 
and sugar, emit a perceptible light by attrition or perciusS 
without having been exposed to light or heal. 

Mr. T. Wedgwood* has published an excellent paper on ^ 
light produced by attrition. 
^^Ar. Coatesf of Clifton oh»erT.-cd, that if two pieces of boniK 
^^^fe were mhbcd together Ln the dark, light was liberated. 
^^Hfer Davy who pursued this experiment found that nil canu 
^^K kind when briskly nibbed together proiii*« spSTM 01 
light, which are more vivid on collinion. 

But the most perfect pliosphonu of this class, is auperMtur 
iBieofsoda. Two pieces of this salt struck one against a 
a swift blow with any sharp instrument upoa ii, 
!3 such a flash of white light, as none of the bcforc-menti< 
bstances are capable of giving. 

pthcr stibstances agaija emit light on immenion into acldB.J 
:. Wcatnimbl observed tliat when fresh dccarbooated □ 
, is thrown into concentrated sulphuric, add light is 
Bch produces .in appearance similar to that known by tlic;i 
ped heat. 
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■ fliilenph. Tnni. ngl' 



'1 Jouinil, Ml}, ijgg, p, { 

17!*. f. iiJi. 



iRKiic* rnotpiu 



ExrtiiiHiNT I. 



n't) jinform tiiit r«|>rriincnt aitoat two icnipUtt crone 
lu^eiia reccufly fr(.-od from carboak acid by Iieoi i 
t IniA a tea-cup, anil half an ounce of highly c 
ulpharir arid poured ovrr it at once, so an to cover tbe mig- 
A prodigious qnaiitity of vnpoui' is inElaoil/ i^xtrioaied, 
T thrown about, and the mixture brcomcn ignUnl. Bib. 
rami) i)ba>-.rv«d, thai coloiin-d (or partljr dcusigcnatBil) 
c acid answered llir purpose better, than wbcit tbcadd 
ji coloarle/tt. 

iug the combination of lime with muriatic acid, and of ^ 
c poUsh or soda with sulphuric acid, a white light i% ta&- 
y perceived, 

IS animal and vegetable substencca, Ukewite emit I^- 
T peculinr conditiona only. Fish, and several other caat'itK 
>, both in a living state, and when di^ad, possess this pn> 
at initances of the first may be mentioned tlie fihell-flifa 
Aphntis, the mi-rfitjuphosphorea, and various atha ntelliaat. 
n theclaai of insects arc many whidi emit light very copiowty, 
fUculary several species of futgora or lantern fly, and of 
mpyrU or glow-worm i also the scolopendra dectricn, and * 
Icicaofcrab, c!i.\cA cancer Jul^tns. 
Botten wood is well known to croit ligLi npontaneous]y. Peat 

h has also the same property. 
The flesh of quadrupeds has also been observed to emit lighc. 
The softcKl parts become often totally phosphorir, it appean 
i» «ate, as if sprinkled over with geius. ITpon touching 
1^ brilliant luminous particles they come off, and appear ahnost 
I. 

« medullary substance of the brain of human beings or rather 
h nervoQg By»t(;m in general is raid to poaaeas this properly in 
Ugh degree ; it is this particularly which gives rise to those pho8- 
prciceiil lightK frequently observed in anatomical iheat»J 



rnoTOMaraB. 



xm Cafaanit. who read n mcnioif od Uiii fobject bdbf»l 
ic nationnl Inuituie, ranarki that a wiety nf otHCrntioiuhinrsI 

: hiui ccncluilc, that liic quantity of plunphnrnwefll tat 

iter dcalli, bcifs lome proportion to the ociirily of t! 

1US bynicm doting life. 

-. Hulme hm nude some intereitiijg esperimc&ti ob L 
light wli'^h 18 spontaneotul; etuiiled from varimii bodies. I 
believns (as ii highly probable) that the light is a consliiuott ^ 
part of maiky animals, pariitulaily of the marine fiibct,.tbal it 
may be sqiaiated, collected, and reotiered perniBaent for sctDO 
time by peculiar pfocctses, for which we refer our reades to 
the interesting, curious, and well conducted experiments eno- 
nierated in paper.* 



h 



PHOTOMETER. 



In <iriki' to measure the relative intensity of light emitted b 
limunous l>odies, variouj kinds of contrivances called fbotO" 
MBTiB* have been contrived. The must perfect iiutnimait c 
that hind, is the photometer invented t^ Count Rumford. 
means of ttiis in^tritnient, the Count has made a scries of it 
teresling experiments, in order to delertnine the quantities 4 
light produced by lamps and candles of different kinds, and tl 
Tcbtive expense of lighting rooms in various wsyi. The Cound 
found that the saving in the quantity of oil consumed, by ai 
Argand'a lamp, compared with one of the common cons 
with a ribbon wick, amounted to about 19 per cent, in the prodo<$| 
lion of an equal quantity of light. He also ascertained, that a 
Argand's lamp of the common siie well trimmed, aud burring witll 
lis grealcit brilliancy, emitted about 3s much light as lOcommon 

jt candles, each j of an inch in diameter ; and that the light, 
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lich petfonna % 



tmalrily drawings of the insuiuMnl, which petfonna 
otmwt faciliij' not only ill the ingenions evpanuenU a 
gucr, Latnben. soil Leslir, bui many others, cqutUgr i 
lory, may be fouud in Count Btimford's work* firotud 
these Jala have been copied. 1 

''""" """ "'""""" 



Thus far we have examined the two imponderable lOb 
Effused through space, namely caloric and Ijght. They faa 
considered by diflcrent philosophers SA substances wbosj 
cics mutually repel each olber, for they ace never found] 
ing togcilier. | 

They agree in many of their properties ; ihey railiad 
hot or luminous bodies with inconccitable veloci^j tj 
trapsmilted, reflected, and refracted by difierEM subaj 
while Uicy have the property of combining with others. 
>Hic we have seen is the cause of the sciutttkio 
it produces cjpansion, is the cause of fluidity, fcc. 
OHT on the other hand, produces the sensation 
IS tlie cause of colom-s. Boih" substances do' not a^ 
ponderability of bodies, all attempts to weigh them have q 
been in vainj they have therefore been called 
"sa^jNCES, if they are absolutely im 




SIBSTAXCES NOT VET PRODOCIBLE *Y Jkt.T, B 
ANALOGICALLV CONSIDERED AS SIMPLE. 




OHGEN. 



HIS substance although eiittlag tomeiimu in a loUiI, and I 
la aeriform sate, is nevei distinctly peiccplible 
to the huioan scDses, but in combiuiitioD. 

We know it only in it« combi nation, by in efiecO. Nature I 
Aerer presents It solitaiyi chemists do not know how to insulate I 
it. It is a principle which was long unknown. It U absorbable | 
b)r combustible bodies, and converts ihcm into acids. It is e 
todUpensible condition of comUusiion, uniting itself always tol 
bodies which burn, aiigmenting their weight, and changing 
their properties. It may be lUsengaged in the state of oiigeiuj 
gas, from burnt bodies, by a joint accumulation of caloric^ 
and light It is highly necessary for the respiratiou of animals. 
It exists universally dispersed through nature and is a consti- 
tnCDt part of atmospheric air, of water, of acids, snd of all 
bodies of Ihe animal and vegetable kingdoms. 

One of the most remarkable combinations into which it iM 
cspi^le of entering, is that which it forms with light and caloric^ 
The nature of that mysterious union has not been ascertainedaj 
' fant it is certain that in that stat« it cpnstitnles tbe gazeous fluidT 
dialled uxtGEM cat, which it will be mote proper to contid< 
hereafter. 



HmHOGEN. 



Hit 



m 



llDROGEN is a «ub»tancc not prrceptiblc to our 
in a separate state j but its existence is not at all tlie less 
Though we cannot exhibit it experimcnldly uueombined, mi 
pursue it, while it paase* out of one combinatJOD into ant 
wc cannot inUeed arrest it on tti passage i but we never f 
discover it, at lea^t if we use the proper cbemica) meani, 
it presents itself to our notice in a new compound, * 

Hidrogen, as its name expresjics, isone of the conslitUGptJt 
mcnls of water. Jts existence was unknown till lately. 
plentifully distributed in nature, and acts a very conslddil] 
part ia tlie processes of the animal and vegetable economjr. B 
one of the ingredients in the miniures of bitumen, crf oilt, 
ardent spirit, ether, and in fact of all the proximate camp 
parts of all aoimal and vegetable bodies. It fomii 
part of all animal and vegetable acids. It is oue of tix bM 
ammonia and of various other compound gases, 

Jt possesses so great an affinity with caloric, that it oiClll 
etist in the state of gas, it is consequently impassible to fnZ 
it in the concrete or liquid stale, independent of combiaikll 

Solid hidrogen, therefore, united to caloric and light 
HiDBOG^N Gas, which will be noticed in its proper pli 



NETROGEN. 



r AxoU » analhft i^iniplc body vfry abandint 
rfe diougli uut producible aluuc or in «u iututiitcij sUto— • 
ot dislioriljr pcmiptiblc to the hwunn setae*, however 
ty insiruments, Wc know il odly in its combinBtiun. 
reatiiy of ilsesistcncr U iuu|0('StioiuhtE > vini-'e wc can 
s passage out of ond combination into noother ; iIdcc wc 
be laws uTchcmivaldtlraciianlo which it is tubjccC i tiace 
eni ilie precise charjicter of iboiit simple substances with 
t ia combinublc, and L-:in disiiugui:ili tJic natuii^ of the 
mpotinds which the combination prodiicca. The separate 
!:i^ and pcciilinr nature of this substance were first dlaeo- 
■y Dr. Rut!>erford. It is the r.iiiical principle ol' our at- 
'lic :iir, and other gaseous substances, and fbrois » cuniii- 
ut of animal and vegetable substance*. It il B component 
the nitric acid, and of ammonia. It probably enten into 
nation of alcdics, and It may be considered as a real alca- 
r alcaliKing principle, in opposition to uxigen, which, as 
e noticed before is the principle of acidity. One of the 
ttnarkable combinations into which nitrogen !i known la 
b that which takes place bctw^n it and light and c-.iloric. 
mEioiind thus produced is called Nitrooih Ga«, which 
n a tartherpart of this work. 



f noticed these three substrtnccs here aeparaie- 
ihey act so very important a part In all the pheno- 
cbemistiy, diat it is requisilt; to have nomr picrioui 
jftbembeforewcproceedany farther. Tliey shall bo niote 
»Ujf described hereafter, logcllicr with the rert of the 
nto] before in tlie table of simple subsiancu. 



COMBUSTIBLE BODIES, OESTITU' 
PBOPBBTIES. 



SULFHUR. 



PART XI. 



SECT. I. 
NATURAL HISTORY OF SULPHU^ 

OULPHUR which is also known by the name of ^ 
the only simt)Ic combustible substance which outare] 
and in abundance. Il was tlie first known of all. 
the earth, and exists externally in depositions, L 
cnutations, and on the surface of certain waters, prill) 
btirning volcanos. It is found combiued with m^iyia 
exists in vegetable substances, and has lattly been d 
Mr. Carlisle in the albumen of eggs.* 

Sulphur in the mineral kingdom is either ii 
compactj and then either detached or in vei: 
the greatest plenty in the neighbourhood of volca 
volcanos, whetbei inadern or e?:tinct as at Solfaim 
is deposited as a crust on stones contiguous to € 
crystalli/ed ot amorphous. It is frequently met \i 
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rnriicAL paorsKTiM or svutavm. 



a ctvcTiii »'Jjoe 



ridntua-, Mmctimci a1«a ii 
,t of the mctaU 



nines. It ii fotmd in eninbinitiuo with incMt o' 
iVDitedtu iron it fonns fhc mincTJil, oiHnd martuU pyriM, 
'pkttT pyritts. All >lic ores knuwci by ihe lunK rf pyntn 
Uch there are a va^it variety, arr combinuiom ol mlplitic 
dillerent metals i anii hence the name* of «)pper, lm, 
ical, fcc. pyrites. It exists liktwisc Lo cMnbinntioo with 
nc and liine ^ It then constimecs diilcivni Idnib of «i 



lYSICAL PROPERTIES OF SULPHtm. 



H^^ls a combuatibic, dry, and exceedingly brittle fwdj, ^ 
piiie lemoD'yellow cdiaat. lis spixific grav!^ b \J9Sfi- 
destitute of odour, except -when robbed or bcaied. Il i« 
[leculiaT faitit tsste. It frequently ny^tnUixcs in entire 
mcated octahcdra, or in nendln. If » pivoe <if vulphur of 
Bidcrable size, be very gently heated i »» for example, by 
ng itiin tiie hand and squeezing il tirmly ; if brcaku to piece* 
aerackling noise. If is a iion-CDodiu-lnr of filcciririty, nn* 
! it becomes electric by fric'tion. Wlicn liiMted, il firn sof- 
i>tforr it melta, and its fusion commeuceil M 184" FJbr. j at 
It becomes volatilized, and lakes fire « 302". In the be- 
nj of fmion it is very fluid, but by cuntiatitng the heat it 
i toogh, and its ccilnur (.'bangcs to a redili^h brown. If in 
ondilion it be poured into water, il reraiiins ns snfi an uax, 
ieliln to any impression. In time biwcver it hardens again 
ecorers Its former considence. 

watea with most of the earths and with oil alcalies, and bc- 
Boluble, when thus combined, iu water. It onilcs to most 
metals and render's tl^m brittle and fiisible, It is >oluble 
i water takes up a minute cjuantity, as does ardent spirit 
cans ol' heyt. It dissolve* in hidrogcn gas. Il does not 
inc *ith cliaicoa], but unites to phosphorus by fusion. 



■ 

I 



ivnlinj; iv> i\\c allow or rapid conibiigtioii» kd 
i\\ijnM\tW< ot*o\ii:rn, aaJ the producred add difia 
ties. Sulphur hi\Uc\l in a close vessel, subliflaa 
tiou. It IS lun oiLuii^cil by exposure to lur. It 
iho nitiii' .uid w hiu jvured on it in its fused stall 

MKIHOD OF OBTAINING GULPl 



A proJi^lou* nu.iruity of sulphur is obtain^ 
in Italy. Ihis \oUMnic countr>- every where eidub 
agency of sublcrrancous lircs ; almost all the i 
and white ; and is c\ ciy where sensibly warmer 
|! phere, in the grtMtesi heat of summer 5 so »h<»^ 

lons'wulkin!; there :«re bunit through tlieir shoes. 

blc not to observe tiie sulpl)ur» for a sulphureoc 

y rises through diiVerent apertures is every Mrhere 1 

gives reason tt) believe that there is a subtcrran 
neaih from which that vaix)ur proceeds. 

From pyrites sulphur is extracted in the large 
lowing process : 

Pyrites is broken into small pieces, and put ini 
tubes which are exposed to the heat of a furn 
vessel of cast-iron, containing water, is connecte 



MSTHan or t-nairviKo «utr*o>. '" 

Dp &ee *it ftosa ibe rest of Uie imporiiiiu. It if tlim tolenblj 
fere, and coostltnlcs Uic sulphni we mtei witb in Luso waaux 
^Icunps in ibe marlcet. 

^ InortleT to form i| ioto roHv, ll is nguo. melted lod poured uito J 
SjrllnJrical vroodcn moulds, in these it takes ibc km Id whidi | 
tgc usdbUj' see if in cnninicrce, as roU tulphor. 

Flowers of sulphur as (hey are talle-d, arc forrDcd b^ mblindBg 1 
purified sulphur with a gentle h«l in dose roami, whwc tfcc 1 
t-nbl'ined sulphur is collected, though the >rtidf nwt wUb tn I 
general under that name is nMhijis but nilphur finely powderrf, I 



METHOD OF PimiFYIKG SULrHUK. 

Take one part nf flowers of sulphur, boil It in Iwetit)- p«t» of ' 

KjBtilled wflter LU a glass vessel far about n quartr' uf BO botU) 

ite. the sulphur subside, decant the water, Hnd len waKb (h: 

btlfihor repeatedly in distilled water : hawing dtinc this, poor 

WW h threr. parts of pure nltro-murijtlic seld. dilated witJi one 

of distilled water, boil it again in * glass vessel for about a 

aartcr of an hour, decant the acid, and waah the mlphur in 

taiDed water till the fltiid passes tasteless, or till it docs not 

iff^gc the blue colour of tincture of cabbage, «r litmus. The 

j^ftor thus carefully treated is PUHB SULPHUR lil for piii- 

B^ical experiments. 

Wc shall now endeavour to prove some of the before slated 
mpcrties of sulphur 



I« ri»n or m. r,or..Ti., or nTtnm 

SECT. II. 
EXPERIMENTAI. PBOOPS 

THE PROPEBTIES OP SULPHTI. 



Shiv comhusiion of sulphur. 

Jr UT Home riireads previously dipped in sulphof inlo i 
otiier vessel floating on water. Set lire to the thrcadsni 

the whole witli an ir.verted glass receiver. Tte ihrwdswi 
tinue to L:irn for some tirae, and the whole receiver nillM 
filled witti a dense white vapour. The water wiU aacend i9 
lie whole is ihen to he left till ihe vessel i* 
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laoort or TB< r 



Esfm;iisxt II. 



pid eontluilitm oftulphur 



Take a large receiver or any othct round beSled bottla inth s 
wide orifice, coatainiag a little water, fit a bang to clon il, 
■nd tattca t> tills bung an iron or nilier rarlliEU'Warc I 
GOntainiog a miuore of oac part of Ditrate of potiuli und tit at 
■niphui blended togetbcr. Set fire to the mixture and introduce i^ 
expcditjotuly into the vMsel, (abing care to dote the moutli a 
curately. In this case, the combuMion wiU go an very rapk 
and the water at the bottom of (be vessel wtll becooc noiir, I 
wilboul possessing much suffocating odour. 

nATiOKALi...Io thi» 'expenment the combustioa 1« oot dowfl 
but on the coQtraiy Twy rapid ; for the nitric odd of iho nitniW^ 
of potash u decoiDpOicd, and fumbhea oxigen gM, into whkl 
the sulphur is plunged the instant of its ioflanutiaiion. It there> 
fore absorbs a much greater quantity of oxigeo and fnmiihe»!l 
fu/pkvric acid, different in properrio from the former, which 
is not completely uxigensted, and thercfi>re ii pungent and 
Twlatile. 



i 



EsPBRIMIKT ni. 



^Ipkur u selalle in ardent tpirii only in a itatt of ei 

eomminutKH. 

If a piece of sulphur be left in contact with ardent jpirit for" 
any length of time, the spirit will not act upon it ; but if we pre- 
nent the jolphur iii it$ iroaUest division to the spirit, an union 
will then take place. 

To perform this experiment, put pounded sulphur into a 
autrass fiirnishcd with an alembvej suspend within it a ciqi or 



wiilc-mciDlfifi) battW cttttOaiuag ttnag MtietA rptrit, Ctenfl 
the otonbic and >igDst a pfiill lo fbc beak ; lafc wdltlirjj 
3Dd brX titr Ump. 

Tlie nilpfatir aod «pmt wSl now meet in a Kate rf l) 
lad tht tlaA which (&it3« ons, vill oaoUis nUptiBr in M 

To pToiv ibtf Bolphar u ifiiwlvct) in tbe sptntj ' 
added) the fpiiit viH luutc to the «a((T, uad tl 
cipitalfd. 

Hu* furniihrt id itutancc thai cbemical aunctiea lake^ 
Beoly betwrccn the minutui puti of bodir^. (See p 

ElPtBlMUXT IV. 



Ael'uiH Kfadorit or n^ttrr. 



I If tnlphur be [>ut in a crucible plMx^ among bunriag e 

U moD enter into fiuion. TliU first tuiion is liqmd, bstfl 
c kept longer over the fire it becomes tirnadoos and vnj of 
IVhen poured into water in this state, it will be as soft a 
d tD^ be easily wotked into any form between Ibe fi 
^stead of being sohd or brittle as sulphur is in comi 

Q this state may t>e employed with advaatage as a,| 
ir taUog impressions from seals aad engraved stones. 
I II is this property of sulphur of which Mr, Tassie hsji ■ 

mtelf to ftimifih elegant impressions of aoliiiue geais, 

I If melted sulphur be withih'awn from the tire as sodo q 

apletely melted, and left to cool slowly, its parts a 

lar syrametric^ arrangement, ^posed in iieblka 

a crystallization of sulphur. 

f If the vessel lii which the sulphur is kept melting, be O 

pith another ressel, and the air be cwluded by ludng, i 

>f •ulphur will be obtained in the upper vessel. 



k 



tOKtlSATtON ortULPHOi WITU WETM 



COMBINATION OP SULPHUK WITH METALS. 



^ 



Mjhui aad Iron havr a .gri^t nitraction to uck othcri the 
xma of eaiy fiuion and brilUe by tin* imioa. 

ESFESIMCKT I. 

Formalien ofsulpliura of iron. 

p bar of iron be he.ited to pnftcl tvhilfncss and then ft; 
h aroH'ofsulphorj the two bodies corabirc and drop dtm 
I 3 fluid stale, forming siilpliuret of iron, a compouDW 
e natun^ a^ the native iron pyrites. 
By tikis metlind a bit of iron rolled out very thin aaj he oppifM 
rentlg malted In the hand, l>y putting it whca heated to whiter I 
oesB, npon a thick piece of &oli4 sulphur. 

Retaari-.h is necessary that this eipetirocnt be performed 
r, a chimney, or in a place where tliete i* s n 
y off tJie suHbcatiiig v~api3urs. 



EXFCItlMEN' 



il. 



Artijieial Folcnao. 

■followiDg expeiimcDt afiurd* a benutlful and curlou* r 
ptatiou in miniature of one oflhcgrandest and most tciribl^ 
iia in nature. For the introduction of it to modeO) 
e are indebted to the accident of a man having collects 
i of a native mixture of iron and sulphut (Iron pyritei]] 
n old shed i where, not sufficiently protected from r; 
5 moisture of the atmosphere, il soon swelled, becarai 
Bcl:et1, emitted su'.phureous vapnuri, ignited BOd lastlj 
Di'idcriblc violence. 
K 2 
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■ sulphur into small ^!a:i3 phials, trom which 
eluded, btfing in some ca^es tilled with carbonic acidgi^fii 
trcgrn gas, and in others, with water or mezcmy. 

Whenrvtfr ihtt phiai %v.is heated under oziy of these ckn 
stances, the mixturr began to swell: the metal ^wafsiiti 
rer/ hot anu in some cases real inflaxnmatioa took rlaoc, BOtf 
standing the exclusion '^t oxii^en gas. 

The proportions thit produced most ignition or flame, vqi 
parts ot copper and 1.5 of sulphur. 

Iron and sulphur inflamed like copper. The beat pn^ 
was three parts of iron and one of sulphar. 

Tin and sulphur succeeded in the same pn^Mrtion. 

Lead and sulphur, the proportions being as 45 of the fa 
and 15 of the latter. 

Zinc and siSphur in the same proportion bnmed with 
plosion. 

Mercury, bismuth^ antimony^ and cobalt, could not be [ 
> to inflame with sulphur, 

i il These experiments succeed equally well in the Torrice 



.)i| vacuum. 



rOMmMATrON OF SULPHUR WITH ALCAUKS 



rttanrATtoM OF ICLmuU WITH H 



tiy tlie joiut action of the ingicdienU, 
£ca liom tJie water (iu caloric at thi^ uiw time 
8u> form* with the lulpbur a coaniirrable ponioa of 
jlvatet. (anaib- 
e two Knucet of 



Hd wltich by the furlhcr 

I altacks tlie iron. Here then i 



nidrt^en gas (Uie other prindpto of water) wbidi in 
Kson a portion i>f sulphur, aikI fatni) anodicr 
tflaaimable compound called sulphurslol hidrogcn gs> i 
' dccojBposirium uking place tlirough the whole mass occ»- 
t hat, twelUng, [nirsting, and ditchargi? of cloud) of 

I vapour. While these elfrcts are nii«dly goiug on, 
crcMcs Kulficientlj lo kindle a panicle of *nl* 

II coiumunicating with the iiiflainniablc- gases prodticu 
iBionally repealed as fresh iiuaniities of gai 81% 

ed,' the whole being now in a stale of coinbuuion buni» at 
ns tile sulphur or any other indammablc matter iciti^ne. 
ere is no doubt that th« conibiwtion of thotc cDotnioiii 
!s of bituminmu pyritei> vhich are deposited in the bowel* 
e eanh produce nolcBnos on Uie same principlc.§. The de- 
losiUon iuid JclJon of the constituent principle* of (lie water 
the component parts of the pyrites Aill}' determine all ihe 

I of sulphur with copper and other mclali ftt« low 
'-. attended willi some remarkable phenomena, In 
tiitthis experiment niiit tlirec parts of copper filings, 
ine of sulphur reduced to powder, intimateJy together j in- 
tee this mixture into a glass tube or Florence flaik, and 
it gradually over a lamp or coal fire. ■ After ^e mixture hai 
heated to a certain degree, it liegins to swell, and a small 
JJiark becomes fiwt- visible ai ihc bottom of tlie glass vcs- 
R 3 
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PHOSPHORUS. 



PART XII. 



SECT. I. 
NAIURAL HISTORY OF PHOSPHORUS. 



PHYSICAL PROPERTIES OF PHOSPHORUS. 

Phosphorus is a flesh-coloured oi yellowish semi-traospnrf at 
)Stance, of the consistence of wax, but briitle during frost. In 
nospheric air it i« Itiminous at comiuoii temperatures without 
litllag heat. It has a rough disagreeable taste, aud its adont 
emb\es that of garlic. Jts specific gravity is 2.033, water 
flg l.OOD. Phosphorus cryitallizes in lamina, in needles, oi 
led octahedra, Exposed to the light it becomes covered 
pTiu which is first white, next orange and at last red. 
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^IKID* ov asTAiKiMc rnogruoiipt. I5J 

Hs <>r (he uriiie, tence pluufilxitT' vt luil otiil oi- 
1 aod ammonia are formed. TIic futajcr bciu},- jji> 
U& (0 tbc bottocn, and ifac lalicr eak i«n»iDi in Ui« 
ml fluid. Ou adding chamud to the {lUoiphulc of 
cxjKxiicig it in a bigli tc>i:tpntilur<r, the anion la again 
thl pbofphoric icid bccernes dcnntnpotcd, tU osigcD 
tbe diarcod) and ftnLs carbonic nt-id ga«, wiiidi die* 
; die diAillaiJun i liic {ihusphorus appear* in iti; kiiuple 
t Uk metal U lefi bciiliid iii tlip rcmrt togutlicr with 
Uiailt qiiantj^ of charcoal. 

3, NIOOLAi. PROCESS. 

btyofbones ofaduitanimaU, bum ihcia to white- 
B £re and reduce them to a tae jiuwdcr. Upon 
lof this pow^r, after having ijceo put i;iio ■ 
tere may he poureJ two j'oundg of cnnccntrUed su!-' 
il of commerce ; four or five pound* of viaiet mint 
irds .added by degree*, lo ssaitt the aciion of ihf ncid. 
e whole prncMs, the operator must place liiniseif and 
, so that ilie Itimi-s of Ihc mixture mitj- bt blown from 
: whole is Uien lo he left in a geiili} heated sand-batii 
Mclvis Jiours or more, taking rarato gapplythclowaf 
eft happens by evaporaliou. The next day a large quan- 
CT Qiust be added, tlie clear liquor afterwards dccaatcd 
;jt ttrBined through a doth itf sic\e. The ruiduary 
a be edulcotaCed by repeated atfa^ions of liot-water till 
istcless. llic water wliidi ha* been oacd to wash nut 
oxacid is mixed with the before dei:anted or sirained' 
d the whole Suid is gradually evajnn-jted in n Aat 
ison to the consistence of synip. ll is llien to be 
1 aa equal weight of cJiarcoal powder mid submitted 
in an iron or earliien retort. Injlead of .i[i|ilyinK 
•neck of tlw retort may he iinincr<'-d h\ a basnn of 
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bv '.VT*.:- '^ v.rh i ^'•■lzc^: ::' .: -r'-'ii "rl-ici pa^er. cr 

dark. IS :: czl ir? : ii-f 1-t"- .iT^-^irinoe '*Tziih.es '; 

If the w^r.iiri: ::? pert:m^i : ..- ±: r'lrrle coLCun 
thi* tviT.Cr%-. -i:-? •LTics'j will ir-re-ir r..i 1:: :>.^ ir.--iUi 

piioric aci.:. which ^:h:lzz:■^ rh? zlur ■ fgfTihl ■ : :'. .ir : 
^o rtvi . the li -h : ev i - •: ,: ? th-e :■: zi :---"-- =i : : : '. : r h . 



MtHtlBi OC rBUiPBOIGi 



EXPSIIUCHT n. 



Aectasian i^ p/i«ifiiK-rttt hy friction. 



d vp in a piece of brown piper % fcv grains of pho9|rfMins i 

rab it against anjr hard body, or belwrrn the pa|icx itself, i 

IS will iBflame and ftcl the paper on fire. 

7 grains of phosphorus rubbed !□ a mortar v 

i; lake fire insianiij-, 

,..Tbe fcic^n applied id tbtse aperimenls ndiet 
peratiirc of iho phtwphorus, ll lliun atiracU the oxigen&om . | 
Dspliere rapidly, \a order to become converted into phos--J 
B acid and the heat aii'.I tighl hotb of die phoflpborus a 

e ict frpe. 

^A>K..'.[t ia curious thai written paper isnSamei \ 

irthaa paper which has not been written upon. Straw a 

V extremely difficult to be fired by burning pboaphe 

e only conrerted into charcoal ; but sijphur, € 

Mspirit, ctlier, and essential oils, take fire by It readily. 



EXFERlMeNT in, 



A pkospharkJiTv louU. 



'Tate a small ilun phial, beat it gradually in a ladle full e 
id, and iuirnduce into it a few grains of pbospborusi the phr^ 
then to be loosely stopped and leJt urtdisimbed for * few c 

small qoantitics of pbospborus are tbits rcpcattdV addei!'"' 
e pbia! is fiill. Another method of preparing ibis phoi- 
Uioric bottle consists in healing a ijv.anti^ of phofiphotus a 
ubie mist together in a loosely stopped phial for about half n 

To use this fitE-bulOe, a common match or small bit ( 

tipped with sulphur, is inU'oduced into .the phial, turned fl 



IflD t>a»r» or TUB Pmoramsi op rnoirBacn 

naai. nd qokUf dnva ool. vbich caoK* tbe^i^ 
take fire m k-m m it cotxtes o*u of tbr bottk. 

FbcKpbohc Sze bnCdos aaj also be prepared bj 
pan id" tulfliur witk ri^l of pbofphoms : 
indunnubk Uul if a miDuie quantity be taken oat (f lb 
with a nuid), aott rubbed apoa a coik, it iuftuna 
fim (he mairh. 

EiratiMEirr IV, 

Phosphoric tapert. 



Take b glau tube, about four iocbM loc^ and 
rlourd at one end. A small quantity of phosphoms is ol" 
troducnl inia the lube-aixJ pushed to its ex,tTf?mii; wiihal 
wire, after which ;i taper covered at one end with wafc 
into iti the open ena of the tube is then hermeticailf^ 
•Dd the other, plunged iuia hot water. Tbc phosplion)!) 
aod fixes ss it cods upon d^ taper. A line is tliea drm 
means of a diamond or file at one third of the tube. To iw* 
tapers, Ihe lube is broken at tlie marked line and wto* 




'1 or THE riorsBTicE Of raoiPHOKVB. id 

s again phosphoruceot, and ihif may bo renewed 
e of the cth«r has been dei-omposed. 
I be dipped in water, and in ijiit Rdite be plunged 
d ether, at the moment of cuoLici of ibc two 
en li^t spreads ihrougli the air, and vcr; pcrcep- 
n (in a dark place) to issue from time to time 
Ulh of the phi j]. 
lump of fine loaf sugar is welted with pbofphi>- 
and thrown into a baeon of water, the whole of 
in be illuminated ; by gently blowing it, beautjfol 
L be formed greatly resembling the fieiy iippeiir- 

Kperiments with phosphomted ether succeed best 
« a little warm. 

B.,.The phosphorated ether is decomposed on eom- 
rl with a large quantity of water; the water unitct 
it} the phosphorus being then preacnied to the air 
Xhibits the luminous appearance. 

1 other is beat prepared by suffering mlphuric 
i for some weeks over a considerable quantity of 
D a well (topped phial. 

ExrBHlMEMT VI. 

Li^iiid phtsphonu. 

iphonis is dissolved in oils it forms what is called 
The beet method of preparing it, is to boU 
one part of phosphorus with sis of oil of olives, 
charged with phosphorus must be kept in a bottk- 
It has the property of becoming luminous in the 
as ihc phial containing it is nnslopped, and opaque 
the phial ii corked, Thi* liqiad may serve for 




EXPCBIMEMT VII. 

Accmtian ef phosphorus ly means o/«u/joA«rie J 



Melt over a slow Bre, in a cup, gallipot, or p! 
a table spoonful of water, a small qoanlity of p 
soon as the water boils, pout into it double tbe i; 
measure, of concentrated sulphuric acid. In a feir 
turface of the misture becomes filled with liuninotu v; 
considerable ebullition takes place, accompanied ^th a 
noise, which increases gradually, until the jnixture t| 
with a smart explosion ; little fire-balls and stars will ba 
cut !□ all directions aod the whole will boil very high. 1 

Ration Ai.s.>>ThLa acceosion of phosphorus ia owiad 
heat evolved hy ihe mixture of the acid and water. j 

Rbhare...To perform this dangerous experimeDt vra 
tlic vessel containing tlic water and melted phwphoms U 
fastened to the end of a long stick, in order that the ij 
raaj be at a sufficient distance when the e^losion taka 
SI It ftequenti^ haj^tens that the vessels are dashed to |M 



l&oof < or xBx rxosuTiBt or PHOtPHpivi. 



EXPERIMBKT VIIT. 



jtf photpkoncJiTe-WBtk. 



S piece of phosphonia about th? siu of a large bean, Into 
^iplorence fla^k, holding it tlanting that it may luil break 
U, and pour apon it about six ounces of water, place the 
Itaver a lamp and li^bt the wick, which should be about hulf 
h from the flask; as soon aa the water is heated, stieam* 
^vill issue from it by starts, resembling sky-rockets, »orae 
S will adhere to the sides of the flatik and represent stars, 
II frequently display brilliant rays. These appeataoces will 
e at times till the water begins to simmer, when imme- 
1^ a curioDB Aurora Borealis begins, and gradually ascends, 
EeoUects into a pointed llame : when lliis has continued about 
inute blow out the flame of the lamp, and the apex of 
e will rush down, forming beautiful illuminated cloudi 
, rolling over each other for some time, which disappear- 
■ «pleiidid hemisphere of stars presents itself; after waiting 
e or two, light the lamp agaio, and nearly the same phe- 
a will be displayed as from the beginning. Let a repe- 
l<of lighting and blowing out the lamp be made tliiee or 
inr times at least, that the stars may be Lncreasei3. After 
Utc thlid or fourth time of blowing oat the lalhp, and ii 
ni&utes after the iittcmal surface of the flask is dry, many ot' 
^ the stars will shoot with great splendor from side 
j sotne of them with brilliam lays j and these appearances will] 
. coDtinue several minutes, 

R4TioNALE...Parl of the phosphortis in this experiment, 
taeJKi it^lf from the water, and becomes dissolved in thi 
, pour of that fluid, which on coming in contact with the ibnos- 
ffaeric air takes fire, aod accounts for the phenomena. 
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ihea £11 tiie tube with imall biu of frcab 
ie of the size of split peas j stop tlie opening of the 
oosely with a chalk stopper, to prevent the acceu of air j 
beat to redness ihal pari of the lube which (.txifaini iht 
bjr mean; of charcoal j when the lime inajr be lupposed t» 
lited, apply heat to the part containing the phosphorug, M 
inblinie it, and to bring the vapour of it into contact willi 
al«d lime. The lime and phogphorus will unite and Ibnn 
iture of a reddifih-browii colour, which is phosphorel of 
litis preparation haa the property of making 6re rise out 
tcr, when a small bit is dropt into it. 
no HALE. •■•The phenomena is owing to a decompoBitioo 
(er, at the common temperature, which shall be more faUy 
i on under the article, phosphorated hidrogen gas. 
KANK..^.lf a glass tube be made use of for preparing pfaos- 
t of lime, that part of the tube which is heated (which may 
nicntly be done by passing it through a perforated crucible 
afing-di^, filled witi) ignited charcoal) should be coaled 
^or loam, in order to secure it from breaking during 
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PART XIII. 



SECT. I. 
NATURAL HISTORY OF DIAMON 



i. H E diamond, which was wdl known to the aQcientt^ ll 
cipally found in the weslem peninsula of India, on the toal 
Coromandel, in the kingdoms of Golconda and Visapour, it 
i»]and of Borneo, and in the Brazils. 

They are generally found bedded in yellow ochre, o 
rocks of ffee-stone, or quartz, and scmetimes in the bet 
mnning waters. When taken our of the garth they are incn 
wiili an cxteriot earthy covering, under which is another, 
listing of carbonate of lime. ^ 

In the Brazils, it is supposed that diamonds might be dbti 
in greater (juautities than at present, if the suflicienl woricii 
the diamond mines was net prohibited, in order to pnevcnl 
diminution of their commercial value, which a greater tbuoj 
o( them might occasion. 

BiM4RK„.Braii!ian diamonds, are ia commwcial e 
inferior to the oi-ienlal o 




MTilCAL rtOPEKTUS OF ClAMOHD. > 

i rou^j diamonds are worth two [imiDd] sterling the 
j- fonr graiiw, prowiOed they are witlioul bleinisb. TTic 
B"of cutting axid polisliiag, amounls to about four poonds 
e value htrwever is far above what is now itated when 
^become coiuiderable in size. 
*ihe osLial method of calculating the value of diagondii, U by 
Daring the number of carats, and then multiplying tlie amouut 
' the piice of a lingle carat : thus supposing one camt to be 
3. a diamond of 8 carats is worth ,C 138. beings x 8 X 3. 
e^&mous Pigot diauiond weighs 188| grjins. 



■physical properties of diamond. 



bud is always ciystallized, but gometimes so imperfectly. 
t sight it might appear amorphous. The figure of the 

d when perfect, is an eight-sided prism, ThsK are also 
ibical, flat, and round diamonds. It is the oiiental diamond 
lUch crygtalli^ei into octohedra, and exhibits all the vnrietiea 
'this primitive figure. The diamond of Brazil crystallizes into 
idecahcdra. 

The tcxtore of the diamond is lameUated, for it may be split 
' cleft with an iastrumetil of well-tempered steel, by a swift 
owin a particular direction. There are however some diamonds 
hich do not appear to be formed of laminae, but of twisted 
id Interwoven fibres,. like those of knots in wood. These ex- 
!ed the otliers greaily ia hardness, they cannot be cut or po- 
ihed, and are therefore called by the lapidaries Diamonds of 
Fatciib. 

lite diamond is one of the hardest bodies known, It resists 
le most highly tempered steel file, which circumstance renders 
necessary to attack it with diamuud powder. It takes an ex* 
iiisite and lasting- polish. It has a great refractive power, and 
, when cut into the form of a regular solid, is 
L 4 
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OOfl OF 7IIB COHBOiriSILlTT OF OIXMOMI. 1^ | 

SECT. n. 
PROOFS 

OF TUB 

COMBUSTIBILITY OF DIAMOND. 



E COmbuBtibility of the diamond is. a phenomenon snffi- 
lintercsUng to induce us to give an extract of the ptinripal I 
s which have senrcd to advance our knowledge upon 



iperor Francis I. exposed to a yehement heal, the va- 
tbousand florins in diamonds and rubies; the diamonds 
dUappeared, hot the rubies remained unaltered. These • 
were repealed; and it was ascertained that the di 
ton its polish, scaled off, and was dissipated. 
r The Grand-du]cc of Tuscany in I694 caused experiments to ht 
■ mat by Averoni and Targioiii by the mlnw #f Tschimhausen, 
|mid the dianiond disappeared in a few minutes. 
', These experiment! were repeated by the French chemists, 
Darcet, Cadet, Lavoisier, &c. with equal success. The details 
nf their experiments may be seen in the volumes of the Academy 
of Sciences, and the Journal de Physique for the year i7?2. 

Macquer took notice that the diamond dilated, swelled and 
hunt with a blue flame. I^adriani* mentions an experiment. 
In whrch the diamond was fixed to the end of a small iron wire 
whicb was heated red hot, and plunged into a vessel AUed WJI 
«a^eii gas. The combustion of the iron communicated 
b' jhe diamond, which burnt in ihi* gai, with a very bright flan 
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tiljr black and of a cosliy appearsnoe ; ihc iiiitam 
ISfOt and at it were boiling potuts vrcre dtatUictly 
le black ground. It now Wgan to Jimioiih in 
ihort time no, more than one-fourth w»s remain- 
ea withdrawu. it was witliout any marked >batp 
I, but still very white, and of a beautiftil tranapa- 
iamand was a second time heated wiili ,thc £oUt 
vtatj minutes entirely consumed witliout any rc- 
l Ibii operation the same phenomena were ob- 

f boiytcs wa» then introduced over the mercury 
lir ia wliich the diamond had been consumed. It 
liatety wilky, the vnlume of tlie gas dlminisliod, 
of baiytes was forn:>^d. 

esB a greater quantity of carbonic acid was ob- 
fouU have been produced, liad the diamond beeji 
ate as common charcoiil. For one part of char- 
UTiDg combustioD 2. 527 of oxigen, ^nd produces 
ooic acid; but one part of diamond absorbs some- 
in four parts of oxigcn, and produces five of car- 
id of which Guyton effected the ewnplete combus- 
tive octohedral crystal. It burned in a terapera- 
; 90 pyrometrical degrees, which in the scale of 
nutitutcs a difference of from 163^ to 1765". 
iwiee indebted to Dr. Sraithson Tennant for some 
iriments on the nature of the diamond. His paper 
sliall give an abstract is in tlie Philosophical Trann- 
97. Dr. Tennant has taught us amethoc! of effect- 
utiuD of the diamond in a much easier meaner than 
3ve. He has prtnxd that by means of nitrate ol 
imbUjtloD may he accomplished in a moderate heal. 
I procured a tube of gold, which liaving one eiiil 
] V a retort, to which a glass lube was adapted in 
ir produced. To be certain tliat the gold 
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mboition of the diamond is effected al three different 
At rhe tint anil Vast elevated tcniprranurc the 
i asKunef b grey anil blaufc colour; thU it the tirsi degree 
kxldatlon i it is the slate of ilic plumbago and of the xnliooo- 
, or iocofflbustible pic-coal. 

kt the Mxnnd degree of temperature there is a new, alow and 
ccssive combination of oxigen -, it iheii constituiei ibc faabl- 
l state of our cbarcoal. 

tUppoaing therefore we could operate with sufficient preciiion 
take from the surface of the diamond, the black matter ui pto- 
fion aa it formed, during our experiment for burning JI, ws 
nU undoubtedly convert the whole diamond mlo charcoal. 
Vt \hr. third degree of combustioD the diamond ia whollj' coa- 
ted into carbonic acid gas, as we ha\-e shown before. 
jajtoQ has likewise coorerted soft-iron into cait-steel, bjr 
una of the diamond, in the following maoner:* A cavity was 
BJa 3 block of soft-iron, and a stopper fitted to it of the aame 
^^■Intn the cavity waa put a diamond, with some filings of 
^^Bt of Iron, to fill the remaining space, after which the 
H^^BS driven in. In this state thi< whole was put into a 
cible and this placed into another. The space between die 
a crucibles was filled with pure siliceous sand, The cxteTnal 
idble was well closed and luted, and the whole exposed to 
I strong ignition of a blast-furnace, by which (he metal was 
«d comi^etely ; the diamond disappeared and the iron was 
u converted into steel. 

Ulei all this, it will no doubt be demanded bow it happeoB, 
Lt thft pure carbon or diamond is so scarce, whilst when com- 
led with oxigen in the state of charcoal it is so abundantljr 
pened through nature ? 

JV« obtain by our chemical decompoiitiona of bodies charcoal 
nond. fJo chemist apeaks of our exhaliog diamond 
jation, but many of charcoal or at least carbonic add. 







•hi: 'Ji^»fj.f: fj{ rjjh::n. 



I'.rf/ifr wr procf«d farther in the dcfctxpooD 
kUM.fi, ir will be n^cessar)- to illoitnte the aaBB 
UAfi of ii,'4iri, trigf^thcr vrith their pTOpertiei ; for 
lhr.%1: bcKlirt protiuces ^ considerable a nnmbrr 
i/it(4^ wliich distinguish some bodies finom 
J i»ftrvihU9 acquaintance with theoi^ a great 

I i0t.t,t(v:uu illustrative of the propertiea of am 

wijulti be unintelligible. 



XATi-'kB or eitSJ. 



NATURE 



JRMATION OF GASES. 



SECT. I, 
NATURE OF GASES, 



idgiaes we diatingiusbpermaiiently elastic SI 
itaaces which have the appearance of aii, thai U 
e tTanspmeDt, elastic, ponderable, invisible," and 1 
ientible into a liquid or lolid state by any degree of coltl-J 

f tbe gases exist in nature, without the aid of art, and 1 
crefore be collected; others on the contraiy, are only 
ble by artificial means. 

;s are combinations of certain lubstances, reduced to 
nis form by the addition of caloric and light. It 
re necessary to distinguish iu every gas, the matter of 
h acted the part of a solvent, and the substance which 
e basis of the gas. Gases are not contained in tbosa I 
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rotMATIQK OF CjKu. 



■ubiUnccs from which we obtain Uiem in tbe aisle oTb^ 
, owe their foitnation to the expansive property of caJaH&l 

The bases of some gases arc known to us sad a 
I biic4 ill an nocombincd state ; nihcrs again stc tio 
Ibyort. 



FORMATION OF GASES. 

It hni been memioned before (p, 84.) that tlie df^nt 
Bonder which bodies appear depend apon a certain qu 
'caloric, chemically combined with them. The very&ra 
gases corroboratea this truth. Their production toiaJIy m 
upon the combination of tbe particular substances wrth q 
and those we call permanently elastic, are only ho, ' 
cannot so far reduce their tempcraCure, as to dispose tl 
part with it; otherwise they would undoubtedly h 
or solid. 

V/ater, for instance^ is a solid subalanee in all degtvetll 
32° of Fahrenheit's scale ; above this temperature it col 
with caloric and becomes a fluid. It retains its fluidity u 
ordinary pressmre of the atmosphere, till its tempeiature % 
mented to 212°. It then combines with a larger portioa q 
ric, and is converted, apparently, into gas, or at least ii 
vapour ; in which state it would continue if the tem 
our atmosphere was above 212°. Gases are th«ref 
fubstances between the particles of which a repnluoa ii 
lished by the quantity of caloric. 

But as in the gazeotu water or steam, the caloric i»n 
with but little force, onaccount of its quitting the ii 
the vapour is merely exposed to a lower temperature, ' 
not admit steam amongst the class of gases, or permaaent 
■ form elastic fluids. In gases caloric is united by a very fi 
ffinily, and no diminution of temperature, or pressure tl 

t yel been effected, can separate it from them. Uma fl 
if out atmosphere in the moit intense cold, still retnaitu 'I 



MtB^t aaA IicDcc h derived ibc ciseoual chnracter* of V 
I ihol Ikey ikaUrrviain,itfr'tform,aader ^IW 
■tttarf and tanpi-raluref, ' 
I tocalcfii nomt^ndatare, the name of every lubsbutoe I 
^lu (he aerifDrni stAte w derived Troni i(s lutid bale i aad | 
ham gas is uned to dcnnte its existence in thia tilatb. 
(1 order lo illustrate the furmaiionof sases.or losliowln whatj 
met caloric is combined wifii ibcin, ihi: fullowiiig csperimentf 

txresiMKHT I. 

o a retort capable of holding hall' a pint of wa 
ntatc of aodn, (miitinon salt), jiour b 
weight of ftulpburlc ueid and Mp\fly the heat of » lamp, a 
<at qnsntitf of ^as is [iroduced which might he collectrij anda 
Bined over nierecry. But to serve the purjwjse of thin expRri J^ 
mt let it pass (lirougli a glass receiver having two opeuingsJ 
o one of « hich the neck of Uie retort passes, whilst from tfi J 
icr fl bent tuhe proceeds which ends in a vessel of water..,, 
fore clofipg the appiratus, let a' (herniDiBeler be included ii 
: receiver to bIiow the temperature of ihc gos, If will be fountfl 
ll liemercury in the ihertnomeli-r will rise only a few degrees,! 
lereas the water in (he vessel which receiTei the bent lubeV| 
U soon become boilingbot. 
BiTiovALE. ...Common lalt consi&ta of muriutic acid udte<l 

foda, on presenting sutphuric acid to Ibis union, a deco 
sitiOD takes place. The sulphuric acid unilcs by virtue c 

greflfer ajTinily to Uic soda and forms sulphate of soda, i 
lauber's sail i (he mufiatie acid becomes therefore disengaged J 
d takes the giiieous form !o which it is capable of cjiisung.ii 
a temperature. To trace ilie caloric during ibis experiment ai 
as our olyttl, v(e inuit remark that it first flows from tbej 

fsto Hie digeuga^ed oiuriatic acid, and converts it iota gas ]■ 



TRAXSI-KRiUNG THEM FROM 
ANOTHER. 



licrifinced operator i 



\( ^ 



• <!<-sii 



iti.ii^rtueiit uf collecting 

Ills dl' traiismittlGg air 
\- ilmt the vessel deatin 



uf w.itcr >ir 'iTiu' fluid hi:;ivier than air. 
wiili' ni'iLiiliril bcll-i;lnss or receiver, pK 
ill llic tniu^h 111 iiriler to till it, then i 
iloM r.WiirJs :iiul pbci- it on the shelf of tl 
one or more (if Ihr holes in it. 

It Mill imw be full of water nsd coi 
luoiilh n-nviiiia below the surface of the 
ill tliin eaie the water in sustained iu the 
the atuirwphcie, in the same manner as I 
in iliR huruiiirtcr. It may widiout difii 



!b CAU3. 1<J1 

. ICRTCC any of it will cuicc (lie gto, brcsute lU 
b opptKcd by the clasiicity of the ipcludcil alt ) bul if 
t nmeil will) (t( tnouth upiraida U bnraedJntcly ftUi 
f rises In bubbles to ilw soriiac. iluf^usc this optra- 
^perfamicd untler one at tlie jnn or receivers. whicL 
a wiih water snd placed upuu the perforated shrlf, tho 
irtll ascend in bubbles as bpforr, but insteiJ of escaping, It 
be cauglit in the upper p^rt o( Uic jar and expel part ul' iJie 

\vi\t inHnncr we sec that air may be emptied put of can ra- 
^enotbur by a kind of invencd pouriug, by utiicb meaid 
tnade to a*cend from the lower to the upper vefwl. WUon 
'w^viug I'fsscl has a mrraw neck i]ie air may be pnuFcd in 
t (Banner through an inverted iaaaci ioBcncd tn U« 

ia to be transferred frura a vcaael.that is stopped lika 

bottle must be nnstopped witU itn grificc dowo- 

c water } and then inclined in auch a tnanner lliat ita 

: perfuraled ^xcavatioD ol' llieahclf. 

^1 CK^tpG fruit) the bottle and pas&ing into tbe vessel 

I receive it, will ascend in it, in the form of bub* 

rer manner this operation is performed, the nncessity 
kation in the lower p!vt of the shtlf may be readily 
I is as mentioDed before dentined to collect the gas 
5 from the vessel, and direct it iu it& passage to- 
Sfcssel adapted to receive it. Without tlii* c; 
Ltead of proceeding to the plaic of it 
Bspcrsed and lost, 

W* or teccivera for colfccting the disengaged gasea 

I cyliriders, jiirs, •ir bell-gbsses of various sizeB; 

I sjwald be ijpen at both ends, others should be fit- 

wks St the (op, gn-mnd |n.-ifecily level, in order that 

topped by grontid A.11 piecns of metal, glass, date, 

M 3 
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*«• otli«n sVmId be fumUbnl wtiii ground ttoppen. I 
'^tiM be gmduiiicd into cubic incbu. uul nib-di 
mttial or oiliM tr^ui-diJiUit pirn. Besides tbeM, i 
s buttlu, tiunbim, lUc. may be lucd. 

CLASSIFICATION OF GASES. 



I All the clutic aerirunn fluid* wilb which we are 
|OaitUR<] are gencr;il!y dji-idod by systtniaiiv writen 
ics; nsincly, Uiobc ihat arc respiratle and ctipaUa 
i"g comiuslioji, and Uii-w ihat are no* respirabk 
W'i* 1^ mtiiniainhg fotidu.'tion. This divitjoa iade 
jdtantagci Imtthetcim nspirable in ils pbysioo-li 
N'ion hai been very difFcrenily employed by difitreot 

Oiclimes by the rckpirabilily of a gaa hns bcrn meant Its poSlS 
f KUppottbg life, whan repcateiily applied to die blnod ia' 

At other times all gases have been cotuidctcd re«piiaUl' 
)>rhicb were capable of introduction inln the tungs by VolantSTFi 
, without any relation to iheir vitality. In the last 
B word reipirable seems to us most properly employed, aai in' 
'■i sense it will be used hereafter. 

Ncin-re»pirable gases are those, which when applied to Us 

Ssiemal organs of respiration, stimulate the muicles of the m* 

V|^ottis, in such a manner as to keep it perfecdy close on lliA 

^glottis ] thus preventing the smallest particle of gas from eft-. 

[ering into the bronchia, in spite of voluntary exertions. 

Of reepiial'io gases, or those whieh are capable of being takc^ 

li&to the lungs by voluntary efforts, according to their condjiioot^. 

Bnnly one has the power of uniformi'.' supporting life, nnoichri 

MIC air^ other gases whtn respired, sooner or tatesl 

tnpair the b'-alth of the human constitution, or perhaps occasldi' 

out in different modes. 
j Some gases eiftct na positive change in the blond } 
Inaicrflcd in it, die of a disease produced by the ptn 



O^heric or, analogous to liial occationeO by Uieir submcT- 

n produce sumc posilivi cl)3iige in the blood, as 

J the experiments of I)t, Beddocs and ProfciKir Davy. 

o render it incapable of supplying liie nervous and 

tebres with principles essential Ici seasibili^ and irrita- 

le gases therefore deitroj animal life on a di&rent 



Irious therefore that the above classificalion doei not 
I ia all respects, but is capable of mislcndlng the stu- 
: shall not divide the gases we are going to trcKt of 
cnt classes ; for we do not see the advantage which can 
i frgm any division : we shall therefore examine first those 
simple, the bases of which cannot be exhibited in 
d »tate, namely, oxigen, nitrogen, and hldrogen gas. 
n consider tlie combination of these gases with each 
border to understand some of the most Important phe- 
n which they arc coacenied, together with the test of 
tiose gjues, of which the bases may be exhibited experi* 



Koftt* combining wilhbadietii cnUeilari'b/iiin.tirKr- 
1 aiut ibe bodid whh which n it oprabinrd an; ciUcd 



H It Ibe chief bub of the pnisuiulic ilKtriiHi of ckiv 



HODS OF OBTAII^ING OXIGEN GAS- 



it preieat ocqualnied with a grm nnrnbcr of bodfn 
hvn may, by an. pvoiluce oiigcti gas. It i« moM am* 
led (rora ibe oxida uf nuog^cse, or taercary j froto 
)f pntash ; from the green \earet ttf vegetables, and ima 
^mslcd muriaif of [KjUih. or 10J3, Be^il<s th^ic, ihstc ar« 
{mt roany other snbir.i&cef fnxa which oxjgrn ps may be 
wed. 

, In order (» fvocure oxigen ^ in a sble of ped parity, 
) oxigcuatcd muriate of poluii or HMJa, muil be toiide n»e of. 

ibia flew pul icmc cT the u!t uOa a «rnill ejrlliCD tir 
tretort, the neck (if which is placcj under ihc KlMlfoftbe 
hnmlic trough filled wilh water ; and beat the retort by tnewM 
lump. The ^nlt will begin la melt, and osigcn gu will ha 
bed ia abuudaocc and uf great puri^, which m-/ be coUccted 
pTMen-cd over watcT, 

lTioN*LE...Oxigenated muriate of potash oonsi.it9 of oxige- 

1 muristic acid and potaah ; at an elevated lempiTatnre a 
mpositian of the osigenated muriatic acid takes place i jli 
ta unites to tlie caloric iind forms oxigen gas. The oxigen* 
9cid trrcoiiiea tfaerefoie converted into simple muriatic acid, 
h reniaim in the letort united lo the paiash. In the form 
urialc of pot^ib. 

Osigeii gas may likewise be obtained from tlie grcoi leave* 
gctabluE. 

r this putpoK SO a bell-gla^s with water, introduce (ttlb 
raves under il, and place the bell or receiver 
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iitg the same Uiiid ; csposc th'« 



wdtcr a:iJ pruLuoly carbonic acid, which tctvefirttBh 
incut i thcv ab!(orb the hidrogen aod cirbon of theKii 
cti^a^lng p.irt ot' the o\>ca in a state of parity. Lf^l 
l.i\cur> this dciXMiposittoii greatly, it seenu to save it 
the oxib^eii and thus tbniis it into ozigen gas; inpRyai 
Ux-uiucs dl»cng-^;^cd, the hidrogen becomes fixed in Aci 
and couibiiics partly with the carbon, and pardj^ntkA 
lu turiu the oil, Jcc. of the vegetable. 

3. Nitiatr i}i' potJbh is another sobstance fi:eqiieDiif i 
of lor obtaining oxigtn gas, in the following noanner: 

Take any t^uantity of this sak, introdnoe it into 
earthen or gla^s retort, and fit to it a tube^ wUdi 
plunged into the pneiunatic trough, under the recBverJ 
water. When the apparatus has been properlj adjusted 
retort gradually till it becomes red-hot ) the oxigen gn 
be disengaged rapidiy, 

Itic gas obtained in this way is also very piire» ei 
the last portion be kept separate. 

Rationale. ..Nitrate of potash consists of lutiic 
: B||,r potavh. Nitric acid consists again of ougen andnitn 

exposing the salt to ignition, a partial decomposition i 
takes place; the greatest part of the oxigen of the 
unites to caloric, and appears under the fbnxr of oxigei 
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tT1l6tl or OBTAtKlXO OXIi 



The weiglit of the two gases when collected 
to coirespond very exactly with the weight of I'le 
1 be.en decaoipQ^ed. Tbc reaidue iKen left in tha 

id of mangancEc however is generally inadt use of 
ni^en gas, on account of its cheapness. ThU na- 
luced Eo a coarse powder; u stune or ratlicr an 

Ihen charged with it and heated. As soon as its 
ignited, oxigen gas is obtained plentifiiHy. 
...Black D\id of manganese b the metal called 

iilly saturated with osigea, together with many 

Itics; on applying heat, part of the solid oiigen 
il and unites to caloric la order lo form oxjgcn gas, 
of the oKigen remains uniled 1<» the melal with a 

^1 the metal therefore re -approaches to the metal- 
found in the state of a grey onid of manganese, 
of the best manganese ykidd upwards of lAQO cu- 

loxigeu gas, nearly pure. If sulphuric acid be pre- 
to the manganese, the gas is produced by a les» 
larger qinntity ; a glass retort may then be used, 
of a lamp is sulBcieiii. 

id of mercury yiclda oxigen gas in a manner similar 

iB.'.This oxid consists likewise of solid oxigen and 
CombiDatioD of which takes place on exposing mer- 

i« of about 610^ Fahr. At this degree it attracts 
:com«! couverted into an oxid : but if the tempera- 
ased to about lOOU'' the attraction of osigen is 
le osigen then attracts caloric stronger than it did 
it therefore abandons it, and fonns oxigen gas. 
then re-appears in its metallic state. (See-p, 50.) 

;id of-lead yields oxigen gas on the same principle. 



i.V GAS, ET E 
L;C ?r.OPERTI 



rv-,".-v, .■- -:-.v::o.' i y'-x-i oc p^c-pbcrsM ttnju^ 
»:/->■;■ -^i-i-v : •tr-v-lT.i'.y ■»■" r.x? :■.* chtf iiirt'dce or £l 
e:-.' . ■ ■.'•r- ■;,■,>, -hi; r,:* ■.•■■ ~f;;* ,-r j cn»ked beatea 
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B...This experiment i» BtuUogous to the fotmcrj 
S (0 ihe osigen of ihc gas, at Jn derated tempen- 
resultls an oxid of ziuc. 



ComluHioTi of arsenic in oxigen gat. 

KCt of metallic arsenic, dip it into oil of turpeoiinc, 
a copper ladle, then set Sre to the oil which ad- 
aeana of 3 candle, and inirodoft the ladle into 
tilled with oxigen gas ; the metal will take &te 
i thick flame, and the whole receiver will be 
Miite vapours. 

ftLE...tn this experiment arsenic aoid it formed by th« 
billing with the metal. 

EsPERtMENT Jv. 

if oxigen gas he conveyed to filings of nielals, 

vith great rapidity, 
nupose fill a large hladder with osigen gas, and adapt 
; by pressing the bladder and ejecting the gas on a 
cavalcd ignited charcoal, into which filings of metal 
UI, the metal will harn rapidly, 
■g of metal's which exhibit tlie most brilliant appear- 
le of liriic, copper, antimony, iron, and steel. 

TOSITIO^f OF OXIGEN GAS BY VARIOUS 
OTHER SUBSTANCES. 



d wax taper fined 10 an iron wire be let down into 
ed with oiigen gas, it will burn with great iplcndoi. 
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If tbe ttpa be Ucrwn oni lod let down tau ibt ■ 
vfaSe (lie cuiff Rtoalni tad-bat, it iiMjuMt^ leU 
•Ught explorioo, and bnrai vtvidlf . 

ExrillMIMT II. 

A plec» of the b»k of chncofll futttned to ■ i 
ignited, and then inunened in the. gas, thmn ^ 

A nixtun; of niirnir of strontia and cfaarccnl yg 
Ttcnulj Ignited, bunii with a roie-iolauredfiamt, 

EXFKMIHBHT IV. 

A mixture of oue part of boracic acid, and fliree i 
hona gririi. 

Exrriii««NT V 

One port of nitraU of barytes and fuuf of (bai 
bunt with a yellow Jlamc. 



Equal parU of nitrate of lime aud charcoat pOi 
ormige-red. 

Those who am desirous of multiplying ntperime) 
hind, may present to oiigen gas iimler similar co 
Vhiety of other comhtistMe stihstances. The phenoim 
"K the combustion of many of ihem are extremal] 
"BiqHfiil i for instance, cotton dipt In oil of tarpenl 
"^' ijnrlt, rctin, camphor, elasUc-gum, ttc. 



hhjdrogen gas. 

PART XVI. 

SECT. 1. 
PKOPERTIES OF HIDROGEN GA5. 



which was formerly called inflamm.ible air, wai 
red by Ml, Cavendish, in the year 1768, though it had 
na noticed bog before by the ancients. The famous iihiloao- 
tical caiuHe attests the anliquity of this discovery. 
HldrcgeD gas, like onigen gas, is a triple compound, consiat- 
f of the ponderable base of hidrtigen, (page 13S) caloric, and 
Jit. It possesses all the mechanical properties of atmospheric 
-. It Is the lightest substance whose weight we are able to . 
llniate : when in its purest state, and free from moisture, it is 
bat thirteen times lighter than aUnosphei-ic air. It is not fit- ' 
i £oT respiration ; animals, wlien obliged lo breathe in it, die 
aoft lOstaQlaneously. It is decomposed by living vegetables, 
d its basis becomes one of the constituents of oil, reain, &c. 
la inflammable, and bm"ns rapidly wheu kindled, in conlaet 
lospJierU- air or oxigen gas, by means of the electric 
r by an inflamed body ; and burns when pure with a 
pibpil flame ; but all burning substances are imraediaU'ly 
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amm&t of ib Initjr, bat 




frnjaenitj >c. fin «a It wiA a ctn 
IteoD ibcir &oei ID ocvpf the violeDce of 
<ad Bxn safe metbod of vkarii^ the nioo 
tobe ilirtMigti the »laft of it, n tbe vb-pl irf" ci 
IIX3IU th; gas viB be coodocted ttt fnd the firr. 

Hidtogm ^ In w^baiinct ntt&ncr ptcdoml. mlv^ 
bom witet, citber in ccoserficnce erf* ■ ptvmfing Jei 
io which ii hid been combiscd in the state of aofid 
dRigCD, with ooc nf the s^itntaocc* emplojcd, nrfirnj 
{XMttajn uf wnin ictnalijr tiking pLic? ihiring the oqu 

"««*«Ki...'n>«e »re inttmcra Tttnried of a tm 
fiom tht Klonucfa of dejd priKiiH, wKtd) look fire i 
prwtth of a cai<iUc, Wf tna find jcomfils it 
the cnmbouu-'li uf Ui-ing hnnun being*. i 
Dr Swcdianr rcfabrd ■ 
B bavii^ drank 4hiuuianti|j 



HsraaiM ob 0VT±uttaa eioaoceM oa*. 



Howercr difficult it may be to give credit to such oarrativcs, ' 
kVa equally difficult to reject them enlircly, without rdunng to 
tebiut the numerous testimonies of men, who -wfrie (or the ma^ 
W^ti worthy of credit. Citixen Lmr has collected all the clr- 
wannslances of this nuture which he found dispersed in differeat 
9eki):i and baa rejected those which did not appear to be sup- 
IJMrted by respectable testitnoDy, to which lie has added aouu 
l^ers related by persons still living- These narratives are niae 

FDDmber, they were commuukated to the philomatic society at 
lis, and inBcrted in the bulletin, Therrnidor, An. S, No, 2^ 
The caiue of this siogular pbenomenoD has beea sltributed to 
M dcvclopemcnt of hidrogcu gas taktog place ia the ttonucht of 
Jnese individtials. 

I CilhfJi Lair believes that the bodies of these peopln ware not 
rfnimed perfectly spontaneoaaly, but it appeared to he owing ta 
kome very slight estemal cause, such as the fire of a candle, 
jtaiicr, or pipe. 



EXPERIMENTAL PROOFS 



THE PROPEBTIES OF HIDROGEN GAS. I 



TTtdrogen gas is considcral'ly llghlcr than atinospken 

^ ILL a receiver or wide •mouthed bottle with hid 
aud let it stand for a few minutes with its open aiout 
exposed to the air. On letting down a lighted candle u 
bcitile the gas will bo found to have escaped, for the caodlev 
burn with its usual splendor. 

If another jar filled *ith die gas be placed with its moo 
I downwards the air will be prevcnteii from ascending by tl 
L bottom and sides of the vessel, as may be proved by ii 
flighted candle, which will be instantly estinguished. 

E^lPBRIMBMT II. 



Soap hillks fiUtd with hidrogen gas a. 



rapidM 



Pill with hidrogen 
tobacco pipe ; dip tli 
squeeze it gently 



as, a bladder, and adapt to it a 

bowl of the pipe into a lather 

ler to form a bubble, and distach 

These biibbles will riee rapidly into the 'i 



r be presented lo tbcm. t!>i7 calch fire an«J ba 

a a ba»on of soap-suds a inistnre of hidragen gas ^rm<i stt- 
:ric air be blotm, by means of a bladder and pipe, sio an 
I babbles over a considerable jian of tiie toi&« <v4^ tl>c 
nd a lighted match be then preiented to it, the wltoJe 
ilode with a loud report. 

theory of balloons or aerosiaiic tnachines is founded on 
ty of hidrogen gas. It is sufficient that the weight of tbc 
itself and of the inclosed gas should be lighter ihaa aa 
ulk of commoD air, and k most rise till its weight is In 
ilibrium with an equal colume of the surrounding mC' 
(^!&e theory of the ATotigolfrrf is Fcry different from tlus. 

j^^piverted jar fiUed with hidrogen gas, over the flame 
tdlfeand depress the Jar at once, so that the lighted wick 
wholly surrounded by the gas. The candle will Inuue- 

I extinguished, 
phidjogen gas into a jar filled with mercury; when 
WOfy is displaced pass up into the gas a piece of tinder 
h is affixed a little phosphorus, and apply to the latter a 
wire. As won as the phosphorus is touched with the hot 
will melt but will nol burn ; Ihe gas is UiErefor* unfit 
ibustion. 



EXPEBIMtKT HI. 



^drogen gas extinguiiha hurtling hoUei. 



ESPERIMENT rV. 



Hidrogen gas is unfit for 
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tl of the water in tlic 



jiQcuniatic tiough, thcB ■ppl]' a lig 
extremity of the tube, the gas will lake Hrel 



wad exhibit a csndlc, which will bum till all (he 
mcA. 



gw e 



Artificial fae-wor^is may be coostmcted by filling bladders witfi 
tudrogen gas, and connecting them with revolving jets, tabt 
i&v. bent in different directions diid formed into varim 
•Much are [nerccd ynik hales of different sizes. The 
Ifbrced through these holes by pressing the bladders, will, when 
.Iii^aniEd, exhibit a curioiu iire-wotk without noiic or smoke. 

Jt ia on similar principles that Mr. Cartwright's fire-worfc»_ 
•were (airap.i. 

' By the combination of the inflammable property of hidrogeo 
«nd the effects of elcctricily, a curious pliiloiophical lamp has h 
innnited by Folia, which by the turning of a stop-cock o; 
^a^ iiutanily be lighted many hundred limes: for a patlic 
ldeiicrt}>(iaa of which wc refer out readd's tu Adams's Lecu 
;;OD Natural Philosophy, vol. II. p. g8. 

AJl these eTtpcYiments show tbitt hidrogen gas, wliich ix 
iffaTDnnbte when sloDc, possesses that prq>erty wlien iu i 

, Ridrogca gas hums in proportion as It is environed > 
jku^r quantity of atmosplieric air, or osigen gas. As hidrogt 
.jgasj and oxigen, or atmosplieric air have a like aggregation, il 
possible to mix them in such a manner, as iliat every pSrticle 
each gas shall be conliguocs to a particle of ihc ntlier, in whi' 
case they will burn with great rapidity. 



ritb^^M 



Exr 



VIII 



Fill a slrong bottle capable of hcldiug about foui oun 
irater in sach a nianner that there may be one part of hidrogeoj 
gfis and two of atmospheric air. On applying a lighted tapm 
i-'ilore will not burn ailently, but the whole will » 
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F THE rROFEITtEI OF BIDI06KK US. 



ri'T'i'jui'ir at the lime of thunder- storms, is owing to a nidta 

fomatioa of (vater in th? atmosphsre, from the rapid coolis- 

tion of the hidrcg: n :;:id oxigcn s^xs fired by an electric tf^. 

TliL- I'.in.inutiim of hidngen ai:d oxigen gasei by their boa 

t!i:iy .lii'j be .-hown ii: lii? followin" manner, 



ExfEi 



r XI. 



t.;ll Jar n-ith nxigtn gas, and llll also with hidrogen ^ 
■ tiirnishtd Mith a stop-cock, snd "sLth a long brasi p^ 
drawn out to a tine point. On pressiif tin 
iiJ iisue from the pipe which majta 
iously under the inverted jar of oaffa 
By lliis intLTuourse, the siream of hidrogen gas will be 
dit 



bluldiT -.1 itrfam of ga: 
SL-r til .' to and brought ( 



■;:!•!. By lliis intLTUourse, the siream of hidrogen gas will 
bvTi'.i i;i a CMifinpd portion of oxigen gas ; by coatlniuog 
.I'liilnntliin ;i .sulf.cient time, the water will rise gradually wilt- 
i-i i!ti- i.ir, 0;i ih.- lir-i impression of the heat, indeed, a snail 
■ill ffcape from tJic jar, which will rendec it 
:iiii nl.at degree of absoiptioc actually tabi 
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oints mnv be distant from each other, wikliin llie tube, i 
e-cightli of ati intrli or kss. Into tliis tube staniiing u 
fttttv pans in bulk of hidrogen gas, and fire parts uf atmosphcr 
8 (ransfcrrcd. I'he tube is then to be firmly held, and 3 
fi^cctrir spaik. is passed, by mettns of Ihc conductors, tbroud 
[itlie mixture of ibc gase.i ; an immediate explosion lakgc pliipi 
nthB volume of the ganes iviU be dtmini^bcd, and the water sv 

jfscend in tbe tube; for the whole of the hldrugcn gas Is ci 
Minied, and likewise ull timt lart of tlit; common air wliich ci 
Wiled of oxigcn gas, and there is formed a qgantliy of wat^ 
f'tupiA in weight to these two bodies, 
ji BiTcosALE.-.The hidrog'n gas robs tlic atmosphcr 
Irthe whole portion of oxigen gai it contained, this mixture bciRf 
:Jfcod by (he electric spark disappears and forrts water. The r 
, aidue therefore indicates the quantity of nitrogen gas ■ 

contained in the given bulk of atmospheric air witii considerably 

'iCCUTBCy. 

I Rkmhrk.. .If milted iu the proportion of one part in bulk n 
] the former, and two prts of the latter gas, or oini'e accuratclj^ 
)8S parts by weight of oxigen gas, and 13 of hidrogen gas, a 
"then exploded over waler, the voJume of ibe gases 
'posn, and the exploding tubs in which they were contained, 1 
comes completely filled with water, on account of the total vi 
cntim which had been formed. 

If the explosion be made in a close vessel, or over 
S qtiaiility of water is always produced, eijiial in weight to ti 
gases employed. 

TTiis water must be composed of ilie two gases; for it Jid r 
pfeviously exist in tlie vessel, and oo other substance besides tlq 
ggset was introdurcd. Water then is composed of cutigon a 
hidrogen; and the eombostion of hidrogen is nothing but t 
>cf of it» combination with oxigen^ 

II has been with great plausibility conjectured that detonalionq 

ir daps of iliunder, are aimilar effecta of the corabus 
khidrogen and osigen gas, .ind lliat ibc raia-which falls m 



K nitric acid, If the bent of a lamp not cxceediDj Stf* Fab 
n gently applied tiie gaa wiU be Gpccdil}' obtained. 

.E... .Animal etibstaoces arc composed of nltrogentl 
m, hidrogen and oxigcn. On adding uitric acid the rqnili-r 
n of Ihe respective aiSnitics is denUoyed, tbc nitrogen ga|^ 
Bing Separated. 

|iat the nitric acid does not fiiniisb the niti'ogen gas it ob- 
\f frotn its saturating after its action as large a quantity of 
B<fl3 before, conaequeotly it could not faave solFered any al- 



.The fibrous part of animal matter is that which af' 
Ihe moit nitrogen gas ; nest to this all the concrelii 
juch as the clot of blood; next to that, albuminous mat 
luch as the senim and white of cggsj gelatinous substani 
■d the least. 

I 3. Nitrogen gas may likewise be obtained by causing oxi- 
I genated mutialic acid gas to be received in a vessel containing 
liquid ammonia. 

Eatio SALE. ..Ammonia consists of hidrogen and nitroga 
The hldrogeu of the ammonia unites to the osigen of the eri-^ 
; genated muriatic acid and fonna water, heat is evolved, the ni- 
trogen becomes free, and the oiigenated muriatic acid 
Converted into simple muriatic acid. 

Other methods of obtaining nitrogen g3s will be given 
next Part. 
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anitnal, mcli as a moaie or bird, be inuners&l in 



at a high 



la atpaile 6f comkustirm ti-ilh oxigen 
IrmperaiUTt. 



iabe, the diametiv of whidi is about the 
an inch. Shut otic of Its cn^s with » cork, Ihnm^ 
which passes a small wire, with a bill of raebl at 
'iU tlie tube with mercury and invert it into a bason 
ap into the tube as much of a mixture of 
nitrog?u gas and 87 parts of oicigc^n gas, as'will £11 
ThroDgh this gas, by means of tiie wlrr in the 
number of electric sparks; the volume of the gaa 
liuiahes, and in its place will be found nitrous acid. 

EXFBBIHENT V. 

flf nitrogen gas and oxigen gas, prodaca artificial 

bell-glass filled with water, four parts of oi- 
of oxigen gas ; after shaking the mixture well 
air will be formed greatly resembling that of our at- 
if a lighted taper or any other burning substance 
ito this flnid,.itwiHbum in the aame manner as it 
ipheric air( it may be breathed with safety, and 
ed in it will live as long aa in an equal quantity of 

Though we are not capable of producing in this 
sir absolutely the same as that of the atmosphere, 
it to be attributed to our ignorance of the (juaiilily 
O 2 



Nilrogm got does not precipitaU Umejrom Ih 

This may be proved by putting a quantity of lii 
■ tube liUed with the gas nnd shaking it. l^c tr 
tlie lime-water will not be injured. 
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PART XVUI. 



f.HATEVER has been hilhcrto stated relative to the dift! 
ft kinds of aeriform fluids, is chiefly iinporUnt, because tl 
Bledge of ihein ii oecesaary to enable ua to comprelietid Uia' 
t of that gazeous fluid in which we aie plunged tlic mo- ' 
|[.we KTC bom, and m which we exist. This fluid whicfa 
lUtitla the earth to a cotisiUerabk, but unkooM-n height above 
ailed 

THE ATMOSPHERE. 

i treating of the diflerenl aeriform fluids which have hU 
p been the subject of our toosideratiop, it was necessaiy ia 
to anticipate the present, and to indmale that ifae i 
□sphere ia tiot, as was formerly supposed, a 
us fluid, but that in reality it is compOied of two 
•t fliiidn, called oxigen gas and nitrogen gis. 
pfictly speaking, the air of our atmosphere is however not so 
le a subalance as to be formed only of two ingredients, fie- 
B the two substances of which it is composed, it conlaii 
B portion of another gazeous fluid, called carionic aiid. 
is also well known that a large portion of water U generally 
I the atmosphere, besides a grea' variety of sub- 
9 which are subject to evaporation, and which arc capablr 
^gtins m an aeriform state at the usual temperature. 
O 3 
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ATMOSPHEiUC AIR- 



sudi pnpenjcs «i iir cnnikKtal with - 
(ioa, utd wtuch itidicME die prrimcr > ' 
nedinikal povm. Htqr' ate xbcresi-- 



&rr%A->Vi ootiocu iudeed partly mathenutidL Bui an tb 
iDTcbjiiiic^ propcrnes duraoeriit, or are peroliar /a n// (incti 
tUnic acrifotm ot gaioxu fliuii. tw objection occurs ti> OS jigai 
the pnjpririf of (amidning cbem here htiffljr, 
Tbr RM^utical prcrpcr[ic« or JtmcHpfacnc air, arc GRAVfl 
nCITY, lN>'ISIBmTy, and dilatabileitJ 

GRAVITV OF ATMOSPHERIC AIB. 

E»1-ESIMEXT I. 

■ Tt> prore the iveight o£ ihe nir, a psit of cominoi 
J (cm) Utus, fiir in^taocr, if wc slop the uosiie and w 
B nlv»-liolD diMcly, having first blown or squeezed all t 
II of tlwm, wn tliall tind liiu fl cooiidcrahle farce is r 
jr Kpantlnii the \Hxinh. They are kqit logtthcrbjr As^ 
' V of iJir air wliirJi (urmuDiIs iJicoi, iu the ssme n 

ktjr wntt IQuucricd In vraier. 



ISPBSUC AIB. 



f^Ote manlier, if we stop the end of a syringe, after il. 

^ has been passed down quite (o the bottom, and 

9 itaw it up, we tliall find a considerable 

is. about J5. pounds for every square inch of 

f the syringe. Exerting this force we can draw up 

B and liold it there ; but the moment we cease pi 

n lushes down again. We feel something as it v 

t the piston, but it U solely tbe weight of the incumbci 

fcssing ili and iliis obtains in every position of the syringej 

e the air is a lluid and presses in evety directionj nay, it 

n tbp syringe as well as on tlie piston; for if the piston 

mded by its ring on a nail, it will require a weight to 

iwn the syringe, equal to that which ia necessary to draw 

and as soon as the syringe ts freed trom the weij 

It spring up to Its place again. 

It the air presses equally in all directions becomes obvioui 
E'thc following experiments : 

EXPESIMBNT lU. 

a tall phial let an orifice be made about tliree inches from J 
Uljoltom; Stop till tt orifice, Through acork in tlic ucclsof it 
phial, insert a long tube open at each end, and let tiie lower e; 
be below the orifice in the side of the phial. The raonlh of tl 
phial being dosed up about the tube, poiu- wate 
t'dl il i* full. Upon opening the orifice, the water will be d 
charged, till its surface in the tube is level with the orifice; t 
ter which it will cease to flow, because the external lateral prcs- 
Burt-' of the air, bfllances the perpendicular pressure upon th? 
D the tube. 

04 
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the bladder wiih a louj report. In a similar siloalion 
of glass may be broken. 



IGa balb wiUi a lci>^ neck IJllcJ with wflti.*i' bn put in- 

vcasd of tbe same fluid, placed uuder a receiver, 

Jter be ciibauiCed, on rc-admilltng tiie air its pressure 

surface of rlic watcp in the vessel, will cause ihe fluid 

(be bulb. 

EXPBRIMKMT XI. 

plate, called a transferrer, tl»c air be cibauated from 
peiver, and tben water be admitted through a pipe 
if a stpp-cock, tlie water will be pressed up and furm 






r XII. 



It be exhausted from a vessel and by means ofa cock 
hd the vesKcl be weighed while it is empty, and again 
iiea the air is re-adnuttcd) the diderence will be the 
&e quantity of air the vessel contaiQS. 



ESFBRIMENT XII!. 

ass lube, about three feci long, iind closed at onr end, 
liry i Iben lusen the open cod in » cup or vessel of the 
The mercury iu llie tube will be kept suspended, 
^ssure of the external air on tlie surface si( tliat which 
le open cup: when ibis pressure is remo-'ed by placing 
inder a receiver, and exhausting it; the mercury in the 
iB.sink, and rise again on re-admitting the air. 

ravity of tlie air depends the ascent of water id pumps, 
:. and the phenoincna of the barometer. 



r the <ucking of aaimal 

■h.L noir.L-na are espial net 



y and pressure of 
p',; or able evidence 



>:ri;CinC \VErGHT OF AT-VOSPHEHK 

Al>;:'.k i;f atnio-pheric ,i:r li.-.t U equal to an E 
v.hea luken :.wr the levd of the sea, and at abo 
wei^h-! Jt VI :v., iiv-v.: about lii gtL-.ins, aod the same I 
vCKrr at i'!c sanif temp.TJiure, weighs about 1^ 
Hi-niv r.:;.i-wa:e! is about 0(4 times speciricaily heat 

llif prossure of the aii- is tqujl to ^bout 15 poui 
every square iin:h, anJ thU prtsiure is the same in 
tion. A jqiiare mile contains 27,S78,400 square 
earth's snrfaee in round uunioeri is 200,000,000 s< 
and therefore the pressure of the atmosphere clrcuni 
Ihi- w-holc surface of the earth la 12"',O43,-t&3",3O0,OI 
pounds. 



aai iDore pondcrmis fluid. We on Kit tnttUe of lite 
. (if ihc air, on Acconnt of ita bang eqaall)- •pplied oa 
lide, bcsiJn, tbut we bare been acou^mnnl ta M app or t it 
iiir earliest inloiic}-. Sessatiou* to wtikli we bxve at all 
n habituated, ureiiotfdii we con peroei-B no dltfer- 
o standarJ lo jui! jc of Tzrotiom. 

iTIClTV OF ATMOSPIiEBIC AIB. 

t the air is an etu&lic fluid, or capable od* compntuion aai 
iioD may be pruvett by a great number of cxgicritnent*. 
L ihu elasticity or spring of the air pioiloces Uie same effect 
IJTcasurci bccausf ilie pretsurc \i eijiul to the oompicssins 
for if it weiv }rsi, h tt dear it would yi-Jd and be more 
csaed; were il gieatei. it would not be ia nmch redoenl; 
ion aud re-aciioii are always equal, 

i air-gun, tlie eifecti of which are ^eneviUy knowu, tUus- 
the elasticity nf thr ^r and ebows the compreisiun it ii 
tible i>f. 
;rat-ball or bladder filled with air, rtbounds from any hard 

! dasticily of the air » alflO ptovicd by Juh and other aiii- 
Thc former have reeeived from ndure various means of 
i among these arc an air-bla4der, which they contract or 
it pleasure, and by this double froiieriy tlit;y ascend or 
a tlie water. 



ftl 



INVrSIBinTTi'" OF AIR. 



nospheric aij' when cofifined in vpssels is Jbfiolutcly iiivisi- 
nd cannot be distinguished from the glaso n'hich coDlains it. 
ES this property to the ready passage it affords to the rByii 
ht, which are refracted without being ncfiencd j and it is 
ore destitute of colour; liiough sorae philosophers have 
jdlbemselveii that they discovered large masses of it to be 
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CBKUICAt (S*MlN«TIOK OF ATMOimUIC 111. 



CHEMICAL EXAMlNA'noN 



ATMOSPHERIC AIR. 



[EM ISTRY affords two general methods of invettigalingu 
ttituent pariB of bodies. Analysts and SynlliesU ; ilut b 
r^ tkeJC methods can be applied in tbc inve&tiga^tm of tlie B 
' tare o( alaunplimc air, wc shall endeavour to prmr;. 

Prom HoiDe ingenious esperlmcnts Lavoisier has demonsU 
II stated already, that the air of our atmosphere is n< 
, I'hoiQPgencous flnid, but consists of two elastic aeriform b 
possessing very different properties, one of ivliicji is capabte-B 
'Supporting eombnsiion and animal life, called oxigen gas 
tiie other is destructive' to animals and extinguishes fire, 
nitrogen gas. The atmosphere contains some other gazeou^ 
flaids, or bodies capable of being dissolved ot suspended in it, 
blit in small quantities. Late experiments seem to have proved 
that a minute quantity of carbonic acid is always contained il 
tbe air, for alcalies become effervescentj strontia, barytic. 
lirae-walers acquire a pellicle on being exposed a sufficient ti 
to the action of the air, even upon the highest moimL 
Water is likewise always found in the atmosphere, but tbe q 
tity of these matters is esttemely minnte; and experiments J 
(till wanting to prm-e satisfactorily that carbonic acid gas a 
water are always and every where present in our atmospher 






■? be considemlai 

I mhKs arc acquiinuil, i 
y t.'\p(ising it to th( 
y of ubstriicting its 
ilr>^n is left behind, iril 
.•:-E;iined by the dimbnd 
'!■ to (Irtermine the n 



-. .■'Lwiit fflur inches )iM( ] 
■- ■.•.>ttV- and lioIU il by 4e ] 
i;: ■ t.iicT and i9troduceil 
. [-i:-.h in tlie cork iu order 
.■:n V lilvout. Tfceflasnerf 




ht it p^MMy over a lamp. Ai «>on M Ibe pbiM- 

1' bcalcd to a certain ikgree it ukc* fuc, bam- 

f flame ani) a dciisi: white tmnkc; but em it soon 

, beat the ves-icl nguin, after it hns coolrd, to try 

! Combtisiion will take platen lastly, kl tbc flask 



Bcl was perfrcily drf, the inside of it will he iiftcSd 
k coating, but if it was moi^t this cootiiig wHI bu tlif 
■ Hnii), (pliosphoric acid ) 






, hence i portion of the air >t crni- 



f thing has returned t 
Linvencd under warn 
CT wiil ascend i 
u disappeared. 

T which has risen shows -rfhat qwmtity «f air ti»> 
a cubic contcntR be compared with iha^ of (fie 
The portion of ait tJiu.i vanished will in gencnd 
Kboni one fil'ih of llie whole thai Iwd been lubmltttil 
kper&nent. 

•. pBsk, after thr; phnaphoms was ioclased in it, be 3ccu- 
'cighed, and again alter the combusiion Itait taken ptace 
rcnco of weight will be found. 

fcatcr forced up into the vessel changes ihc hlue thictntt 
ige-jnice to red j an evident proaf of llic pesence of an 



-emaining air is unfit for burning phojphorns or othw bo- 
ainials arc likewise auf&Hratcd in it, 
ON'.t[.e...Fbo;phunis is a simple body j on being heated 
ics the atmospheric air, thai is to say, ihe equilibrium of 
nity subsisting between the coiupound pmts of (he air, 
I the osigcn and the nitrogen is broken, on account of 
sphorus having a greater attraction for the oxigen than 
ogcu has, it therefore unites to it, and becomst by this 
converted into an acid, called phosphoric acid: the 
Kt of the atmosphere reaiiiin» behind. The tight and 
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rrr.t .rrpri*. am\ ispfrs to ine extrcmines of ' 

.'./I'.c of a flat dish or 

■.h. ::-ri-r^ which shoulc 

^ "■:r :hr whole "with a 

> -A '.'.'. "rurr. duri:ig the i 

:.r-ir ihe highest one wi 

.. : ■>: -: .xtir::.. Ml:"*!, ar.d the \r, 

^- -v ■■•-:" - « '— a: :.:per in height wil 

- •• ; ■■ ^ .. . \ ■..:rr> will be exiin^shec 

I-'. • .. '.. : -.- :.: :/f *.in:e tiaie consider 

■:\ I *. .* \ I '. r V> ;• :•*;■ " *^ "T-.y V :' this esperim 
..* .■■.• . ••. V. r :;.r.'.r.z ^>i-"> eireci ia the 
*: ^ ,•:'.'-■ /■,■.:..* -r.O .".r.-lv^Is. Ther ab 

m 

. ,.v:.: -^ v: ,1 . .x: : .>:' :hli :"»7lnclp;e, leaviD: 
<:^ .x * '. v.\ *->.h: ,:* :>.jr::Vrf c:>nsi5ts in th 
s»\ i;v:* <.»x >N ». .V •:*•/.<: ?lr body, the basis of 
s^'-; ->«o'\v. j:.*..: .>.- .v.l,-r ,: so: at liberty 



HODS OF ASCEBTAINING THE PUBITY OF 
ATMOSPHERIC AIR. 



p-COODcr was the composition of tbe atmosphere known, 
k became an 'enquiiy of importance to find out a method of 
iniug with facility aod precisfon, the relative quaotity 01 
if gas contained in a given bulk of atmospherit 
i instruments in which the oxigen gaa of a determined 
iantily of air was ascertained, received the name of EUDI-*fl 
I'OMETERS, because iJicy were considered as measureri of thai 
r|)urity of air. They arc however more properly called OXI'I 
; METERS. 

The eudiometers proposed by different chemists, are the fot- 

mm-- 

Idpe first eudiometer wa« made in consequence of Dr. Priest- I 
ley's discovery, tliat when nitrous gas is mixed with atmospheric f 
air over water, the bulk of the mixture diminishes rapidly, in I 
coiuequence of the combination of the gas with the oxigen of the I 
Hir, and the absorptton of the nitric add thus foftned by the I 



PRIESTLEY'S EUDIOMETER. 






[ mfpitt ^^ p«fb ^B 

fir 1.ML wi oi axnc Iba gfi pub e< (be wfi 
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2. SCHEELEs EUDIOMETEB 



^Traerely a graduated 
itf of air, ejiposed to a m 
nto a paste with water. 



merely a graduated glass cylinder, contaiuing a given quaa- 
a filings and sulphur fanned 
The substances atay be nude u 
jbe following manner; 

! Make a quantity of sulphur in powder, and iron filioga, into 
I paste with water, and place the mixture in a saucer or plate, 

ret water, on a stand raised above the fluid i then inyi 
a graduated bell-glass, and allow this to stand for a day 
pte air contained in ibc bell-glass will gradtuUy dimiDiih, aa 
jptU appear from the ascent of the water. 

When no fiirtber diminution takej place, the vessel contaialng 
Jie *ulphuret ouist be removed, and t!ic remaining air will be 
ibiuul to be nitrogen gas, which was contained in that quantity 
>f aUnosphericair. 

K*iios»Li....The moistened siilphuret of iron has a great 
iflinity to oxigeu, it attracts and separates it from ijtc atmospbe- 
pcair, and the nitrogen gas is left behind) the sulphur during 
tbe e]^e[imeat is converted into sulphuric acid, which unites la 
die alcali and forms sulphate of potash. 

Ihe air which is exposed to moistened iron and sulphitr gra- 
dually becomes dimimahed on account of its oxigen comt 
with a portion of the sulphur which becomes converted into ial-' 
phiiric acid, and its nitrogen remains behind- The quantity 
.ox^^ contained in the air exanuned becomes thus obvious, hf 
the diminution of bulk, which the volume of air submitted (o 
examination has undefgone. 

Remark. ..The only error to which this method is liable, U 
that the sulphuric acid which ia formed acts on the iron and pro* 
daces hidrogen gas, which joins to the nitrogen remaining after 
the absorption, and occasions an incorrect result; and hence it 
H that the absorption amounts in general to 0.2? parts, although 
6 true quantity of oxigcn is no more tlian lrom0.3t to 0.32. 
P 2 
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[tifce a glass cylinder closed at the top, and whose capacity 
rt he measured into sufficiently small portious by a gnduated 
le fixed OD it. If the inEirument be destined solely for es- 
Ijllng almosplieric air, it will be sufficient to apply the scale 
m the orilii:e of the cylinder down to about half its length, or 
tbetcb tliat scale on a slip of paprr pasted aa the out»ide of the 
c, and to varnish it over witii a tranapareut varnish. 
[Iiis half of tlie eudiometrical tube is diTided into fifty c^i- 
ant parts, wiiicli in this case indicate hundredth parts of iha 
gle capacity of tlie instrument. 

jUo Uiin vessel fiiil of atmospheric air put a piece of dry phos* 
nrus (one grain to every twelve cnbic Indies) close it air-light 
1 beat it gradually, luEt the side* near the bottom and after- 
rda the bottom itself. The phosphonis will yke (ire and bum 
idly. After every tiling is cold, invert the mouih of the cu- 
tnCter-lubc into a bason of watw or mercury, and withdraw 
cork. The water will ascend in proportion to the los« oPox- 
□ gas the air has nustaincd, and thus its quanthy may he as> 



5. SEGUIN's EUDIOMETER, 



VlHiicli consitts of a glass tube of about one inch in diameter, 
I eight or ten inches high, closed at the upper eittremity. It 
Bled with mercury and kept inverted in this fluid in the mer- 
rial troogb. A smalt bit of phosphorus is iniroduced Into it, 
lich on account of its specific gravity being less than tlial of 
ircury, will rise up in it to the top. The phosphorus i» then 
■lied by means of a red-hot poker, or burning coal applied to 
• outside of tlie tube. When the phosphorus is liquified, small 
tlions of air destined to be esamined, and which have been 
iviously meaaured in a vessel graduated to the cubic inch'orinto 
e Introduced Into the tube. As soon aa the air whieli 
P3 





BUDtOMBTES. 9-11 



nishcd by ^ gives nx Ike btillc of die nilrogen gu 
' examined j which bulk subtracted from the origiLial 

, gives ui the pmponion of oxigeu g;» cootnined 
lie same allowance must be made la the eudiometer oi 



7. DAVVs EUDIOMETER. 

scrj lately tlie preceding processes were the mediods 
hiniQg the relative proportionii of the two gtue* whJcb 
our atmosphere. 

of these methods though very ingenious arc SO ex- 
ilow in theur action, that it is difficult to asccrtun tiie 
ime at which the operation ceases. Olhen have fte- 
involved tDUccuracies, not easily removed, 
udiomeler we arc now going to describe, is not only free 
; objcctioaa, but the result it ollera is always Con- 
requires little address, and is very expeditious ; the sp- 
p portable, simple and convenient. 
D small glass tube graduated into one hundred equi-dis- 

ll this tube with the air to be examined, and plunge 
bottle or any other couvenieut vessel, contalnltig a c(||> 
d solution of green muiiate or sulphate of iron, strongly 
atcd with niU'ous gas. All that is necessary to be done 
(tve the tube in the solution a little backwards and for- 
under these circumstances the oxtgen gas contained In 
rlU be rapidly absorbed, and condensedJiy the nitroui' 
e solution, in the form of nitrous acid. 
'. The state of the greatest abaorptioa must be marked, 
mixture afterwards emits a little gai which would alter 
ult. 

',[ circumstance depends upnn the slow decomposition 
rous acid (formed during tlic experiment), by tite green 

, and the consequent production of a (mall quaiility- 
htm fluid (chiefly nitrons gas) ; which having ng 
' P4 



6BKUUI BENADKI. 

jr with Ibc red muriate, or sulpluh! of iron. [ 
pibinition of oilgcn, u gmiuaU]' eralved, ROaS 
tiidual oilri^n gu. 

c imprrgtiatetl wlulinti with green mnriote U mM 
n than the tolntinn with green sulphate. In ca 
llcuinot be tiblaincti in o itatc of absotute puiilj,* 

qlpfaflle of iron of commerce may be employed. 
b of lumleratcly strong impregnaled solution, ts cs 
kabioTbing five at nix cubic iocbrs of osJgen. 1 

; bm tlic same qnuitity must never be cmjaojed tof 
D ooe experiment. 

GENERAL HEMAHKS. 

In an these different method* of analj-sing air, ilisw 
to operate on air of a determinate density^ and to take a 

the residuum be neither more condensed nor dilated than ^ 
was when first operated on, If these things t 
tu> (lepcndance whatever can be placed upon the resnit 4 
experiments, how carefully soever they may have been peii 
etJ. Jt is therefore necessary to place the air before a 
the examlnatioo into water of the same temperature, 
and Bcveral other little circumstances have been attended q 
instance a change in the height of the barometer, 
find that air is composed of 0.22 of oiigcn gas, and C 
nitrogen gas by bulk. But as the weiglit of these f 
ie not eitactly the same, the proportion of the eampooe 
by weight will differ a little ; for as the specific grav!^ of fl 
gas is to that of nitrogen gas as 135 : 119, it follows tllia 
ir are composed ly wtighl of about 

f4 nitrogen gas 

3S oxigen gas 



e air ofihianietropobi examined by means of Davy'g ( 
eS, was found in all the different seasons of the year tofl 



migen, and the same was the case with air taken at 
ind Mighgate ; to the 50111317 ^^'^ <i) Cold-bath-fields 
on the Riier Thames. But ibi quanijtjr of w«tcr 

a giren bulk of »r from tlicse places diflfeiicd consi* 

IB ascertained the uature and the proporlioD of the 
partj of arr, it remains only to enquirp in wliat man- 
omponent parts are united. Are 'hey njercly mixed 
Echanically, or are they combined chemically ? Is aif 
1 nusture or a chemical compound! PliHosuphen 
at to have adopted the former of tlieac opiniotis, if 
' Scheele, who always considered air as a chemical 
it the supposition that air is a mechanical mixture, 
IS agrees with the phenomena which it exhibits. If 
rere only miied together, as their specific gravity 
is scarcely possible ihai they would Ije uniformly 
rety part of the atmophere. Since therefore air is in 
lomposed of the same ingredients, exactly in the same 
, it follows that its component parts are not only 
actually combijied. When substances differing in 
iviiy combine together, the specific gravity of the 
is usually greater titan themean. This holds good also 
ir. The specific gravity, by calculation, amounts 
00119, whereas it actually is O.0012. 
1 therefore consider air as a chemical compound, 
eason that it is in all cases the same, notwithstanding 
cus decompoaing processes, to which it is subjected, 
ling of animals, combustion, and a thousand other 
s constantly abstracting its osigen, and decumpo- 
air thus decomposed or vitiated, no doubt ascends 
Dosphcre, and is again, by some unlinowR process 
o atmospheric air. But the nature of these 
at present concealed under an impenetrable veil. 



I CARBONIC ACUD GAS. 



PART XIX. 



Carbonic add gas U the 6r»t dasnt acmtitrn u 
Una known. We 6nd ibat the ancients were tn MlRiel 
■cqaaiotcd wilb "■ Van Hdmoot called it lie gas of ] 
of the vinUgc. or ff"" syUvslre. 

Wc are indebted to Dr. Black of Edinbargb fot tl 
>ledgie of some of the most remarkahlc propertica of IJ 
In ibc year 1735 he discovered the affinity between this 
Iglcaliee : and Ba^inan, in 1773, proved that it was aa t 

PROPERTIES OF CARBONIC ACID GAS. 

Carbonic acid gas is iavisibte. It estinguishea ttaa 
fatal to animal life. It exerts powerfiil efiects on Brii 
tables. Its taste is pungent and acid. Its energy, as sn H 
b but feeble, although distinct and certain. Neither liglil. 
Caloric seem to produce any distinct efieci upon it, except I 
the &tier dilates it. It mixes without combining with rudj 
gas. It unites with water slowly. These two flui 
considerable agitation, at last combine, and form i 



Adei- the water and the greafcf the pressure applied, 

rbonk' acid gas will bi; absorbed. The water ira*- 
th h. sparkles upon agitation ; H ha« a pungent, sci- 
aiicl reddens lincture of litmus. Heat again diim- 
» from the water. This gas preclpliatea lime, stron- 
rtes, from their solutions in water. It is greedily 
^1 the alcalieg. It undergoes noalteratiou bj light, 
eight is to iliat of almoaphcvic air as 1300 to 1000. 
ured out of one vessel into another. It is not acted 
len, nor is it altered by any of the simple eombtu* 
Bl commoD temperatures ; but phosphorus. Iron, 
capable of decomposing it, when assisted by heat. 

JS OF OBTAINING CARBONIC ACID GAS. 

■ gases, carbonic acid gas is that perhaps, which ii 
he greatest abundance throughout nature: Jt is 
le different slates:. .".ls(, In that of gas; 2dl^, In 
ire; and 3i//y, In that of combinatiop. The vari- 
. for obtaining it are the following ; 
o a common gas-bolUe or retort, a little raarbJe,- 
e-stone, and pour on it sulphuric acid, diluted with 
cs its weight of water, an ciFervescence will ensue, 

acid gas will be litierated, wliieh those who have an 
nay collect over mercury ; but a mercurial appa- 
ibsolutely necessary, since the gas may be collected 
f it is to be psed imra^diately when procured. 
E...In this instance the carbonic acid is disengaged 
s of combination, and reduced to tlie aeriform itaie 

marble, Ume'Stune, or chalk consists of this acid 

in presenting to it sulphuric acid, a decompuii- 

ace, the sulphuric acid has a grcateraiEnity to the 

Quboiuc acid has, it ihereforo i 




lOnt or oBTAiNivG cARSOHic ACID Sit. 337 

imal it unmediatel; killed if his nose be thrust 

lie acid, existing naturally in die state of gas, mar 
by miing bottles with water and emptying them 
iMphere of this gas ; tbif gas takes the place of the 

the bottles, which must then be corked, 
acid gas is likewise formed during fenneatation ; on 
its great weight it occupies the apparently empty 
iper part of the vessel in which the fermenting pro- 
; OQ. It may in this case be collected in a manner 
at above. 

acid gas is also obtained during the reduction of 
and during (he deflagration of nitrates with com- 
as shall be noticed in another part of thia 
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EXPERIMENTAL PROOFS 



THE PROPERTIES OF CARBONIC ACID GAS. 



Carbonic add gas is unfit/or combustion. 

J. O prove this, set a vessel tilled with this gas, with its mfl 
upwards, and let down a lighted candle; t!ie candle will be 
mediately extinguished, and the smoke remaiuing in the gai 
render its surface visible, which by agitation may be thn 
into undulating waves. 




» OS THE FBDPKBTieS OF CARBOKIC ACID «Jlt. 239 

r QXtingi]is!tcd, bat the glowing inck <nll be rC'ligtiEcd in the 
i'jQantaistDg OKigen gas, and boni with a dazzling jplendor. 
Lk.TlONALB...Tfais experimeot coo&im a £9ct almdj est>> 
Eus^j namely, ihat Dugen gas h much fitter for ronibiuiioa 
tatmospheric air; and is al-o a most complete proof Uiaicar- 
^ acid gas est)iigiiistit:s tight. 

HARK. -This pnperty of carbonic acid gai may be advanta- 
PHly made use of to learn whether the air in a aewly tank 
a sublerraDeous cavcnts, pits, mjiica, vautit, cdkis, aiwl 
, may be approacbeu without danger. 



: in. 



Carioiuc add gas ii fatal to anmal life. 



bouse or oUier smaQ atiimal into a ressd filled with IhU 
r the Tesscl to prevent tbc contact of atmmphetic 
% animal will die in a minute or two. 

...It ia this gas wLicb has produced so many fatal ac- 
it the opening of cellars or vaults, in which wine, cyder, 
Tw.>;r has been suffered to fennent. 
The femous lake of Avcrno, where AHrgH placed the entcanca 
l,HeU, yields so large a quantity of carbonic acid ga&, that birds 
it fly close over it with impunity. 



: heavier than almospherlc air. 

g glass tube pmceeding from a gai-bottle In which 
■iwid gas is diaeogaged, be twice bent at right angles, 
pen end of the longest leg reach to the bottom of ajar, 
y within, and standing with its mouth uppermnst. ' 
LC acid disengaged will expel the atmospheric air (Tom , 
a account of iu greater specific gravity. When the I 
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ram raoriRTiEs of cabbonic acio oaj. 24J 

■ perry, ale, cbaropagnc, kc. owe their bn'sknesi to the 
^id gas which they contain, and which becomes rapidly 
d in order to assume t!ie gazeous form, on icmo*ii^ 

p>f the bottle ) it is this also which produces froth, fccj 



Expi 



r VI. 



ic add gas tvken nmlined tvilh water postesstt add 

proper Ues, 

Uy be shown by dipping into water saturated with 
as, a piece of litmus paper, or by mixing witk 
n equal quantiiy of iniusioo of litmus. The blue «>■ 
ie paper or iofusion will be changed to red. 

Ekpebimsht VIL 



Carbonic acid gas pre 



s lime, barytic, and itronfia 






Lict the stream of carboalc acid gas, as it proceeds from the 
ingaging vessel, pass into either of these solutions, the fluid, 
Dgh perfectly Iransparent beibre, uill instancy grow turbid, 
L carbonale of lime, barytes, or strontia will be formed, 
i" equal measures of water impregnated with carbouic acid 
t and diher of the abore solutions be mixed, a similar eflect 
1 be produced. 



^ 



EsFEiimEMT VIII. 



: acid gas exerts powerful effecli 
vegetables. 



I living 



Water impregnated with carbonic acid gas proves highly nu- 
L ^hen applied to the roots of plmti. But on the coq' 



t 
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UGHT 
3)NATEB mBKOGlEW 
GAS. 



PART XX. 



was menltonect before ihat liidrogen gas has the proper^ of 
Iviog various substances in minute quantities, sucii as car- 
sulpbur, phosphorus, &c. -The nature of the gas now 
r GonsideiatioD (iiiaishes an instance of this kind. Light 
)D3ted hidrogen gas is hidrogen gss holding charcoal in so- 
a. There are several combinations of this kind of gas ob- 
l^t)y different procesaes, which difier in their properties, and 
ioB of their constituent principles. 

PROPERTIES 

B6HT CARBONATED HIDROGEN GAS, 

ilfcarlionated hidi'ogeo gas ban a fetid i>dour. It is neither 
Md nor altered by water. It is inflammable and bunu 
9 deader and deeper coloured flame than hidrogen gas. It 
nJterable by acids or alcniies, and by water. If* specific 
Q 2 
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LISttT CABBONATED QtDROGBN OAt 



24A 



1. In order to obtain the latter Jti a stale of 
whole most be mixed with lime-water or with a 
alcaline soJution. The carbonic acid gaa will he absoibcd 
carbonated hidrogcn yas left behind in a pure Etaie. 
(iHALe...Tbe production of this gaa in ihis manner is the 
if a partial analysis of the wood. It proves that wood 
1 solid hidrogen, carbon and oxigen. When the intensity 
leat has reached a certain degree, a pan of iJie charcoal 
nth part of the osigen and produces carbonic acid, which 
IB of caloric is iiielteU into the gaieous state and fonna 
; acid gas ; at the same time a part of the hidrc^cn of 
id combines with another portion of carbon and caloric, 
iM csrbonated hidrogen gaa. 

LHK„.The fiaroe of burning wood, SfC. is die inflamed 
ted hidrogen gas, liberated on the application of caloric 
bodies, 

iprcoal is in genera! made use of for obtaioing light car- 
hidrogcii gas. For ihis purpose pxit some moistened 
• into an earthen retort, apply heal, and increase il till 
>rt becomes ignited; gaa will be evolved, consisting 
Tcarbonic acid gaa, and partly of light carbonated hidro- 
, which m;iy he separated as before, 
oMALE...In this case a decomposition of the water take* 
y means of the charcoal. The oiigen forsakes its hl- 
ind unites to part of the charcoal at Ihis leroperaturc, 
ms carbonic acid gaa, in conjunction with caloiici th^ 
1 hidrogen assisted by caloric, dissolves anoihcr portion 
barcoal, and forma with it light carbonated hidrogen gas. 
ight carbonated hidrogen gas may be formi^d iu a direct 
by dissolving charcoal in hidrogen gas. This may be ef- 
y dftWIing the rays of Ihe sun rolleeted in the focus of 
■, upon a small pieue of charcoal placed on mercury^ io ■ 
filled with bidrogcu gas. 



Q3 



^AKBaXATRD llinai>CC!i 



EXPEIUMENTAJL PROOFS 

OF THE PKOPEBTIES OF LIGHT CAI 

HIDBOGEN GAS. 



EXPEKINEVT I. 

Light auivuitd hiitroftn gut u itf 

X HIS Bay be thotm bf fitling a tnrobter or ai 
mad with thi* g». and seiting fire lo it, by n 
tapcz. It mjf Ukrwuc be shovro by burning ii in t^ 
diiccfctl for botning hidrogen gas. The colour of tl 
(bit gu b of a deeper blue than that of bidrogeo gas. J 

ExFBBIMEVT II. 

Light carhonatcd bJJragm gas ii ktat'ter ikon hiirv§ 

Snnp bubbles blown with it do Dot ascend like those &llcd1 
pore hidmgeu gas, but descend like those filled witb t 
m. A jar tillrd with catbonated bidrogcn gas, facl 
fiw n few minuies exchanges its conteots far «0{noMi] f 



Ekpebiment m. 

Decampofiiion of lighi earbtmaud kidrogen gasi ^ ■ 
oxigen gas. 

Mr. CniikahaDk folind (Nicbolwn'< Journal, 
six mt^asures of carboualed hidrageD gas obtained ft 
cdcharcoalj when mixed widi ftjur ot purecxigeo gas, i 



AJttlST CtMOVATn MiaUMMf au 



r decthc tpuk, asd bvCMM lUC- 



t tbcre « 

»e» aeaiW. On admiaing lime-viter tbc rtiaaae dimk 
mI mha mote than two mccDfes ; ibc rcudue «iioaotai W 
(n wttidi miuoaj gu had do cfftxt. Tiro axawm of the 
Uij gK fired widi omc of oxigtn. became Rducnd to ooe. 
b «M <Mbmic acvd gu, Hence lite whole fcw ctuK y gu 
■1 re^rc aboot 5^ measures of iKugea to latunic it, aad 
BOC S mcatoiet c^caibooic acid gu- 



EXFCKIMXTT IV. 



J/NM tfUgkl carltmaltd hidngtit gas, ty m 
o^imaltJ Bturiatie acid gaSi 



s of Uic osigenated muriatic ncid gag upon all the 
Idles it Tcmarkable. Mr. Cmiksbank obcenrd, that 
I purr oxtgcoacoiriBarkiic acid gat, be toixed wiiL ihcw 
s of gates a\ei water, nithougb do actii-a shoi^d be [KrccjK 
at first, yet in twenty-four houri a coraptete dccompositioB 
^fiatige of priociples takes place. 

ir instance, introduce inin a bottle filled with and inverted 
water, one measure of pure light carbonated hidrogeu gas 
washed, mixed with two raeasjires of fresh prepared purt 
snatcd muriatic acid gas. On the first contact of 0»e osi-- 
ted muriatic acid gas a white cloud and some ilimbution 
bo perceived, which will soon cease. The bottle must (hen 
oppcd and tuffered to remain inverted in water for about 
Lty-four hours. If the bottle be then uncorked under water, 
fluid will instantly ascend into it, and the gas will occupy 
t .43 parts of a measure, the diminution being 3.5? mea- 
I. On mixing the residuary gas with lime water .Og parts 
; become absorbed. 

Q 4 



ic add gas; « I 
f chsrcco], an 
1 ifae ongCMtPd nranaiic a 
lowng itf exout of cii5gen> bccoinca coarertBd j 
rUtic add get. 

Rt•l*■K...A<^nlr<diDg lo Mr. CruiktliaDk's 
eubtc incbtj uf light carbonated hiJrogen gq 
^rtnic<l cfurwul, weiglu-d 14,3 griinsi ibcf t^ 
Lncbo (-J.4grain«)of ovigcD lo (saturate them. 
ykUnl 40 cabic incbes (I9 graim) carbdfJc ac& 
of valCT. Hcucc tlui gaj codsijIs of aesrtj 4 d 
biilrogcn, sod 9 of watei. 
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HEAVY, 
JBONATED HBDEOGiEW , 
GAS. 



PART XXI. 



HIS gas was first brought into notice by a society of Dutch 
oists, consisting of Deiman, Troostwyk, Bood, aod Lau- 
rtirgh. They observed in this gas the particular property, 
when it was cotnbuied with OKigeoated muriatic acid ga» 
. certaiu proportion, the elastic form of both fluids became 
n^ed, and aa oil was produced j for which reason they 
>d il Olefiant gas. 



■raEj 



PROPERTIES 



;avy carbonated hidrogen gas. 



[cavy carbonated hidrogen gas is not absorbed or altered I 
rater. Its weight compared with commoa air is as gOQ t< 

D. Il has a disagreeable fetid odour, dilTerent from thai 

ight carbonated hidrogen gas. It burns with a strong a. 

I flacne, timilar to that of a re<iitout oil. When mixed with 1 



PkVT CAU«K*fan StDBOStV Oa«. 

Bvjr cvbMtUcd tidtcgen gu will be eumsled wtlliaut ll 
a oi'cilciml beii- Wliea « mudenlE beat is n 
is ictT t ioif Dt. iDd dir gu ie Ubcraicd TEiy o 
bjr be iKrciitd cict «Mer. 

I ^ nfcuiocd u 3i«i)Fe jnued wiili a coti»denbla f]tuatiq| 

I ackt i^ti tram wfakb it maj be freed b)* «gitft 

coiMact nitb lime-intec, or a wliitraD o( pobub. 

Q UiU opmtKio tbc heM ot^tit u> be regulati 

It cue, anil tbc retort holding the mixture ougbt la b| 

mom, othcrwiie tii« matter will be forced Mcr into ill 

p. Tbc hot of > caodle or Limp is sufficient. 

!speTii»cDt» fay different cbcntisb have p 
species of carbonated Lidrcgen gas conta'uu a hrgjk 
J of eatliou to «olatIou than the former. 
p {tDDx tbc gas losing the ptapcixy of forming oil by bciid 
tt paw through an ignited tube, for it then deposiu rhd_ 
b^nd becomes converted into light carbonated hidrogen gas J 
The Dutch philosophers suppose that the dispo^iuoa i 
'oil depetids on the proxitnity of the constitueut inoleculx of it 
gas ) and tiie loss nf tliis property tbey soppoac to be mring 1^ 
tbc separation of these moleculae, by the iatroducdaa ofl 
greater nu.iQtity of caloric. 
' Heavy carbonated hidrogen gas, they say, h converted tnio li^ 
^rtwaaCed hidrogen ga& whenever a process is exccutt^d wliid 
Increases the distance eubu-ting between its componeni para 
Id ihEs way tlie attraction bcl^veea (he panicles of the hidtiigq 
.aod catboD is diminished, n-bich happens wheaevcr 
made 10 p3SB tlifoiigh ignited lubes, capable of acquiring, a hi J 
temperature, or by strongly electrifying it. 

Either heavy or light carbonated btdrogen gas may therefon 
be obtained indiscriminately from tlie same substances, i 
ether or ardent spirit. Their difference arises from the diffej] 
enl meiiiLids of treating tlicse fluids, and is constantly reducibl 
to thisi tliat in forming tiie first gas, a less quantity of calurii 
acts upon the mass, and a compound is formed in which I 



iiROVftTin sl£ 



^^■rogea and diafrMl air nxxe concratnlfd, axui iuri 
^^frfbmi oil tt the »dditkMiaf raigea { wbcreu bf Omic 
licBtii^ Ibc nrimt fpiitt or ctbcr. tbcy beootne nM 
piclcljr dccoDpuKd i their conititomi parts are ranpnd 
L^Min itittiiioc, by a gT«ater propcrtioD of caluric 
^^BekI betwKa tbtfn, and tbr *itDD)tat>cic]Ds attraction 
^^B^til be difpotcd to form <M «ilh oxigrn, U sa fitr i 
^^0*1 Ukjt war: no loaSM capable uf tim uaiuilioo, 
oil oa be fbrnKd. 

Hcace wc poTC^c llkeviie wfaj- tbe «pixi£c gtvity 
m^p^ catboneued hidn^cn gai, ■•^hea it loses iu 
^^^ktuag oil, becomei diioiniihed- 
^^Bfre do not bawever a^et with the Dcub 
^^Bm the alomiric, »ilcx, or eartben tube tcrvei to 
U they ajwn, while gUss tubes mJjr afford the 
nalci) hidrogco gm. Tlcse diffemit dfixts certsinly 
arise from ihe cm^ct wbkh arc assigned to tltem. Tbejr i 
arec fixMu a less degree of heat having been applied 
s where ibe heavy carbonaled hidrogea gaa was 
a ^atcr dr^cc in all ihose vhJch preacut tix. QgfatJ 
d faidragen gas. 

r. Nicjiohcu observed* tiiat when ardent spirit b 
BfArgand, and the lower spenurc w air-paisagc of 1 
>t open, tbe flame of tbe spirit is as u'ual tajnt and 
ling that of earbcmaled hidrogea gui ; btii if tbe air- 
ructed by Jowly appWing the palm of the band, 
iuitable obstacle the fiame becomes roore and moee lib- ' 
, like that of oil, uniil in the progress of obsimcibMl ibe 
e Is so much dosed thai the comhnjtion begins to dec^ 
r want of air. Bj- a proper adjiistmcnt of the apertme, ihr 
irit tnay be made to burn with a coostaat luminous nhHe lo- 
ut flame. In this case the temperature ji ptecisclf nidt a* 
odpee the defiant gas. 

• Jounal of N»liilll I'hilofoph', * 



EXPERIMENTAI, PROOFS 
\ THE PROPERTIES OF HEAVY CARBONATED J 
HIDROGEN GAS. 



E propertjes of liiia gas bfing similar to lliose of the olS 
tes, it is unncceswry Id exhibit experimental p 
j lliose already advanced under i!ie bead of light i;ar 
i-bidrogen gas, will explain them all witli the esceptioa 
tic properly of producing oil with osigcnaicd t 
: acid gas whlcii shall be insened here with i few othwj 
nstiog remarks. 



r 1. 



iiict'wn of ml by the inixture vf heavy carionated hidroj 
gas, with oXigcnaled v.analk acid gas. 

glasB lube, send up into it three parts of fresh pre- 
d heavy carbonated hidrogen gas, and add to it gradually 

ir parts of fresh prepared oxigenatcd muriatic acid gas. After 
each addiiion of the gas, shake the mixlurc) an ab^orplioQ will 
take place, caloric will be liberated, and Ihe tube will become 
filled with white lapoure, When the gasea have totally disap- 
peared an oil of a pc^rl grey colour will be deposited. 

Tliis oil ia heavier than water, its odour is agreeable 
penctraling, its taste is rather swc^^t. It becomes yellow by 
poture to air. 



L 



I 



ExrEKimtwT II. 



Efaiti^frruin tij heatiy corlntUfd htdrvgm gat, into M 

>t etjual parte of bah prqwrrd heavy carbonated 
, and osigen gs» be niiogted together in a detonatiog tubft' 
ark. be pasnol ibmugh il, > momentary expan^UD will 
:p, ihe tube will becjinc lined wiifaafijic black soot of tta- 
«1, and U)C liuvj carbonated Iiidrogf^n gas wiU thus be 
tficd into ligLt cirbonatnl ludrogcn gas. 
fr. Cful^hank fgund tliai 100 cubic incbea of carbni 
Kigeti gas. obUinc4 fr«n alcohol, weighed l6 grains, ft le-. 
tctl 118 cubic iiichrs of oKigcu to saturate It. and prodnseJ' 
^ cubic inrhes of carbonic acid. This gas therelbre coa«wd;' 
Mirl>on,.l ,g hidrpgen sod;' water. 
Iprbc Mtnc quantity of gas, obtained from ether, weighed Hi 
It required for saturation l/Ocobic inches of oalgw- 
and produired 108 of carbonic acid. Hence this gas consisted tf 
9 carbon, 3 bidri^en, and 8 water. 

One hundred cubic inches of carbonated hidn^geo gas, obl^iui 

from camphor, weighed 2l grains. The/ consumed 17G coble 

incites nfosigcii, and produced 116 of carbonic 'acid j tbit ^ 

L^onaitted therefore of 11 carbon, 2 -f- hidrogeo, and 8 or 9 

^Vlb Uie preceding estimate the weight of 100 cubic inches flP 

^common air, under the mean pressure, of the atmosphere, and 

nt ibe teraperatute of .^5° is estimated at 31 grains. The qaai». 

tity of carbon in carhonie acid at { of the whole nearly, and the '.' 

irtion of osigen tohidcogeo in water as about 85 to 13. 

the result of these experiments we perceive tliat tiie 
mated hidrogen gases obtained from various substances dff- 
Ja h their composition. This has given rise to tbe nest specie* 
ofja*. 



GA2EOUS 
OXIB OF CAEBON. 



PART XXII. 



IVZEOUS oxid olfeitacm was iirst described by Dr. Priestlt/, 
mbtook it for a hidro-carbonate. 

itb the true nature of it we hare been .only lately acquainted. 
IS first proved to be a peculiar gas, by Mr. Cruikshank of 
hvicb, who made it known to us, as such, in April laoj. 
igU ihc medium of Nicholson's Journal for that month. Se- 
additional properties of this gas were soon sftcrwardB no- 
by Desormea, Clement and others. Gazeous oxid of carbon 
i ao iniermediate substance between the pure hidro-car- 
tes and carbonic acid gas[ but not being possessed of acid 
irties Mr. Cruikshank has called it, conformable (o the rules 
; eh"^mical nomenclature, gazeeui oxiil ofearlrin, for it con- 
sf osigen and carbon rendered gazeoua by caloric, 
oHgh the gazeous oxid of carbon has sonic of the properties 
iar to the common hidro-carbonates, the following elia- 
'istic properties suiRciently prove tltat none of IIio§c at pre- 
known are similar to it. We are therefore entitled to 
Icr it as a ga» peculiar to itself. 
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wbcn ffliagkdvili 
osid of cuiboniai 



iraho be obtnnBd u 



tbef 



Qp^ mM flf k^) Bid cftHGod p /m-ie i ptonaa^y healed tf 
: Ac mixture itilD t 
i ifplf heal gmhullf ; M 
s 01 M oOB nd u^', ^3s if proaQccd a 
M* «f Aooi cJBC port of cubonic aal 1 
■ osidof caihon. loonier to separate die I 
d pt, it mDN be saSavi to tund cn^er slaked Wax I 
or agkited witk lone-vMcn <l>c csfaook add c as nitl be ab- ' 
iodicd, and vhit renoim Bdusd is pur^ infiammable gazeoni ; 




IIKID ortkttoti. 

t oxid of carbon. Those oiids viiicli reuin tbeir oBlgj 
rabstinate]/ yield most of the Istier, aud those whiob p 
|1 readily afford most carbonic acid gas. Tl>e latler ci 
y at th<; beginning and ibe former lowards tha end i 



^ftZH CBS. ..From these rariouf facts there csti r 

b say doidit but that the carbonic acid, under eertain tflj 

m of temperature, may be decomposed by any 6«d s' 

B having a considerable aiTinity wilh oKigen, and that w 

I (D the metals, those succeed the best wbtdi hsfvc t 

kt attraction for acids or OJtigen, as is the caie Witl) i 

■the whole we may conclude that there are but two dlslltri 

lations of carbon and oxigen capable of asaun 

ining the form of gas. For although tbf gazeous osid of 

h may be obtained in a great variety of ways, by diroct 

lution, as well ta during the decomposition of the ccurbonic 

ret when pure, it is exactly the aarae substance, having th* 

xific gravity, requiiicg the same portion of oxigeu to 

B it, and producing the same quantity of carbonic acid, aji 

ruiksbank* has sufficiently proved esperimentally to what 

petcnt results of impure gases ara owing. 

f hundred cubic inches of gazeous oxid of carbon, obtained 

ron filings aud carbonate of Tme or barytes, previously ig- 

according to Mr. Cruikshank weigh 30 gi'ains. They rc- 

K40 cubic inches (13-6 grains) of oxigen for saturation, 

8 form 93 cubic inches (43.2 grains) of carbonic acid, and no 

water is produced. Hence the 100 cubic inches of gaseous oxid 

of carbon consist of 21 4- oifigen 8.6 carbon. 

One hundred cubic inches of the same gas obtained from char- 
coal and meUllic oxids, weigh 30 grains. They require 44 cubic 
Inches (15 grains) of oxigen for saturation, and yield 76 cubic 
inches (33.3 grains) of carbonic acid, and afford (on account of 
Ihe hidrogCH contained in the charcoal) about 8 grains of water. 



of S .0 graici ct caifaon aad 34.6 of oxigenocarly 
\r.Tf ot oxlgeo emplojed in the experiment was 01 
heace the d Arence between 34 .6 and 13 . 6 or 
tiTC been origically ccniimed La the orid. It ' 
a^.jr that the gazcooi ciiii in iheir purest itat 
igin and caibcm, in the proponkm ot' 21 to 9 m 
«ith ciluric. 

L'poa the whole, we consider as mentioned be 
c\ii oxid of carbon as holding the same relation to 
carbooates and carbonic acid, which niirotu gas, 
doei to ptuc mtrogcD and nitioui acid. 



iULFRUaATSD HtDtOtkH OAI. 

SUJLFHIUHATEID 
HIBMOGEN GAS. 



PART XXIII. 

SECT* I. 

PROPERTIES 

SULPHURATED HIDROGEN GAS. 



Sulphurated hidrogen gas posscsiea the properties of fl 
acid i for when absorbed by water Us solution reddens vegetabj 
blueg ; it combines also with alcalies, earths, and \vith several n 
taOic oxids. Sulphurated hidrogen gas possesses an extremely of- 
fensive DiJour, reaembling that of putrid eggs, Ji kills animals, 
and ortJDguishea burning bodies. When mixed with oxigen g 
or atmospheric air, it is inflammable. Mingled with nitro 
it borna with a yellowish green flame. It is decomposed b 
inonia, by osigenated muriatic acid gas, and by sulphur 
acid gas. Jl has a strong action on the greater n 
Ciallic oxids. Its epecilic gravity to common air U a* 11^ 




iTMSBi or ttfttAtMtK* tin.>»mA«Tsa mitmocilttl 

ll H cotBpMcd. otmrdUig to Tbrnart, of 70-1 
«ida9.)43 fctdiDfCS. tt hat Uk property ct ^ 

qiUDti^ of plvMpbanB. 

litrrHODS OF OBTAJNINO SULPHURAT 

tHlDSOGE^i GA5- 
L Take (far talpfauttt oT potnh, pat it into a tobt 
||nl la t uod lutll, at mipponfd arer a lamp, dtrcd l] 
ihc rcLin lUkicf > i«cci*eT placed iit the pnnimaiic t 
thai JVOT p^ojUt' upmi the solpliiiict diluted sulphunc, o 
Ti«Kaii4t *»»oln.tti1me»cavcc«ill ul^r pUcc, and «ulpli 
Iktdrapn gu nJl be nbonted, X^licn no more gK u 
•pwiutinut>y, ur{c: tht mixtnrr w:th beat bji degrees ti 
■dJ (m «iU agiio be iiVTatrd sbuitduul}-. 

T1<c nu iraiic ok i^ for ivcdring it ihoold be li 

■tMut S(f or fftf i at ibu tucpcntim it dtiiolva Httle a 

K|Atrt«> if cold w»tn be awtde o&e of, a trm (ptmtity ol 

Pfel.pT^ 



UT]oti*ijt...Tl»oiigh nilphni mikes no alteniion c 

h pTMm itut tulpbur bi$ less oitracttoo for tuigeo, i 

JKqpm Inu. fn if t.tUpbur he united to aa alcalj, this o 

1 tniCT ubcDC^'rr it txiaics into cod 



h the okati ilidf has oo attraction either for o 



e fbnoMioa nf tlut gu explains this troth.- On a 
^tntl of poia»h to tbe watar, this fiiud becomes d 
I of thr uilpliut ni» it cf its oxigea, and forms -with iffl 
■ Mitl, thli gmcaied add unites to part of the a 
' ntlfihaie of pMaih. The liberated hidrogen ( 
T port of the toljihnr, and foims wiih it sulphoratcd |i 
I the batb) trf ihU g«i. which is retainril by tbc i 

n of the atcali. Tbe »i1phimc acid added now « 
kthealcali. Rsdniakct it fly cdFin tbc formofgu. 



BUaATtD BIDSOCIN CAI. 2( 



tomixiure in the relort tbcrdbre conlaiDi an alcaline mlphtm 
etly so called, or ihe simple curobiiwtioti of sulphur with al- 
rsulphate of polash, and lastly, aulphurawd hidrogen gttt 
ill Ihe alcfdine aulphure, or an hrdrogenflted nilphurct. 
HK... Diluted murititic add is beat adapted for the pro* 
if soipliurated hidrngen gas from alcaline slilphur'-ts. If 
tdd be made use of it roust be much diluted. Sulphuric 
s Kitic gas, wnlcsa assist^ by heat. When the pri>- 
fsnlphnr id the sulphured exceeds that of the alcaTi, Uir 
I «tilphuric 3ci<} poured upon it emits Bulphnric acid 
I loaded with sulphur. All the rest of the acids may 

e of for decomposing the sulphiiretg. 
JlVhen iron and sulplmr are united together, they affo 
V'^antity of sulphurated hidiogen gas on submitting 
^actioti of heat, in conlact with water. 

It together in a crucible equal parts of iron filings and sul- 
i the product is a black brlitlc mass called sulphuret of iton- 
e !hi» to powder, aiid put it with a little water into a tu- 
1 retort; add diluted muriatic acid, arid apply a genBe 
iU no more gai is disengaged. 

toNite... The philosophy of thiB experiment is analogoui 
t former. Part of the onigen of the water onilea to part of 
ulphur, and forms sulphuric acid, another part oxidates the 
E which dissolved by the acid forms sulphate of iron; tbetU' 
B of the water unites to Another part of the sulphur, 
sulphurated hidrogen, which becomes gazeous by the 
n of caloric. 

> Snlplwrated hidrogen gas may also be obtained by heating 
Mline sulphuret, with l!ie addition of water, without (he 

n of an acid, 
LTio»AtE.,.In this case Ihe water is also decomposed! >" 
n imites with part of the sulphur, and forms gulphuraierl 
;n, the osigen of Hie water unites with another part of the 
r and produces sulphuric acid, which joins Ut th« alcaU 
B4 
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EXPEBIMENTAL PROOFS 



»TIES OF SULPHURATED HIDEOGEN GAS. 



EXPBBIUENT I. 

%tlphuraled Mdrogen gas is alsorlrd ly a/atcr. 



LL a bottle with sulphi^rated htdrogen gas, and keep it in- 
li in a basoa of cold water ; an absorption will take place , 
b may be accelerated by agiiatwn. The water which has 
bed a quatilily, has tlie felid odour of the gas. It is not de- ' 
losed by exposure lo the air ; but the gas is gradually scpa- 
and carried off without decomposition. Water impre'goated 
sulphurated liidrogeu gas slightly reddens blue vegetable 

[MARK. ..It is this gas which gives to the mineral waters of 
ogate and Aix-la-Chapellt their peculiar smell, Such waten 
therefore be artificially imitated by impregnating pure water 
this gas, and adding the other constitutent parts to it. 



EXPBBII' 



r U. 



Sulphurated hidrogeii gas is injtami 
' omgen gas. 



aiie in contact with 



ix equal parts of sulphurated- hidrogen gas and oitigen gas 
water, and apply a lighted taper; a smart detonation will 
place, and both gases will disappear. . 



L. 



narkSTiBS or HrLpBvR*Tu> miiktMu • 

, Rati 0* *!■>•• -Pvi of tbc u*ig«a UDim to ike Mt 
pfauratri bidrogca gu i ■□otlier panjam lodKa 
* a tn* gtt, beuce Ute prodoco afux cocbbu 



ExriRiKKKT nL, 

th lp im r mtti kutregra gat minglrd with mimkxga h 

a yellowiih-grnn^ame. 

If tbree pan* of itilphuralcd bidtogcn g» be mixt < 
Bitroitt gu ibt ffiiiiurc nuy br inAanwxl, and bums 
kFvUh-grecn Aimc; the ve)»l becomes lined wilh 
nilphur. 

RjiT[ONAki...Tbe otphnation of these {dipoomen 
ftm to tbe ratiooale of tbe next eitf erimcni. 

ESPBIIJMKKT IV. 

Salphtirdird kidrogn gat it decimptatd ty atmojfki 

Introduce into a belUglsss, half filled witb Gulphnral 

n gas, an equal qnanlilx of atmospheric air, k tf 

wSi take place, sntphur will be precipitateti, aa 

\ft behind. 

BATiOMALE...Tbe oiijgcn of the atmospheric >i.- iiM 
Unity for bidrogen than the sulphur of the sulj^urated 
IS has; they therefore unite and fonn tvater, aiu) 
becomes deposited. 

ItBHADK... On this principle it is, that water hi^i 
'ted hidrogen gas in solution lots fail sulphur on expon 
jjen BIT; and hence arises the sulphur seen deposit* 
riituinelff, nnd in the neighbourhood of solphttliated 
idy cnlled, hcpstie waters. 




V SVtrHVKiLTKD R 



BsfEBiueNT V. 



hidrogfft gas t'eeomes ^iekly atsortei ly aUalmt 

solutions. 

proved by filling 3 tube with the gat, and iitvert- 
Q coutaining some concentrated salutioo of potaih. 
be absorbed anil the pota^ will acquire colour, 

r peculiar properties, 

tioD is called hidro-ntlpkuTet of petath; i( is a 
ppound. 

litlierto only tbe alcalies and some of the earthi 
ibined with sulphurated hidrogen gas. These cora- 
Qurlesa while kept in dose vessels, but when «• 

y soon acquire colour. This change <e produced 
jositioa of part of the svdphurated hidrogen gat 
he ludn^en cDmbines with the oxigen of the ait, 
er, while the sulphur is disengaged, snd thnt 



'ated hidrogen gas may again be expelled from 
ioos in the same ratio it had been absorbed, by 
aa acid. It tufly also be disengaged by heat. 



hidrogen gas and sulphvtt 

lach other. 



s acid gas dtnmpose 



urated hidrogen gas and sulphureous acid gas are 
t:r mercury, the volume of the gases becomes 

id lolphur is deposited on the lides of tbe vcud 

lie quantity. 

» are dissolved in water, they mutually un- 

t decomposition. If suitable quantities are tahen, 

otb fluids disappears instanLly. 



ICM yattruriti or invrauinTUi bidiooiu exu 

ViArtot'in.ii...'She bidntgrn of tbe solphunled Inlni 
luu a ^c^in affinity for ibe oxtgca of tlie «alpfaiiTcnil JOlj 
Uun the valphur has i tbej thcre&XK unite and fotni v 
ihc »ulpliiir of boUi in dcpo^tcil. 

R«»iAiiK...ir roacentrated nitrous acid be paaUi 
into walrr holding lulphuntcd bidrogm gas in idu(tGi|] 
pkia h likewise dcputilnl. Hence nitrous acid is luednJ 
to dctfct the presence of sulphuiBted iiidnigeti gsi in IM 

ExFBBtMBNT VII, 

Cimhitiatinn ofiulp.huratcd kldrogen gas and amviBiM . 

Fill a glass jar with fre>h prepared Eulphurated liidragca | 
conJincd o-.cr mcrcui-y, and add to it gradually amraonincili 
a den«e while vapoiir will instantly ap|)earj bolli ga*M wD, 
nish. and a white saline compound will be formed, beiag M 
geiiated sulphiirct of ammonia. 

ExiEEiMENT vm; 

Qjeigenaled muriatic acid gas, and s-tlpSurated hiSf 
likewise decompMt each other. 

Fill a cylindrical vessel over water with oxif 
acid gas, keep it over that fluid and mingle it ' 
hidrogen gas ; at the instant the gasca conic 
each other, their bulk will be dimini^ihed, and the Vi 
lined witb snlphiir. 

B*TioNALE...Tbe oxigen of the oxlgenated t 
unites partly to the sulphurated hidrogen, and partly^ 
phor dissolved in that gas; hence water and sulpiini 
formed; the oxigenated muriatic acid gas being r 
oxigen becomes converted into simple muriatic a 
iolphtiT which escaped the action of the oxigen it p« 



V.KTBD HiniOGix n 



Wecomposllion of i 



ilpkuraled hidrogfn gas ti/ iht 
eciric spark. 



•detonating tube over water with sulphurated hidrogen I 
; the electric spark tlirou^ it, the volume of the | 
mc dimiuiiLed and sulphur be precipitated. 



IfhUTated hidrogen gas acts itrongli/ on the greattr 



mber of metallic 



ritfj. 



p of paper luto a solution of silver, lead, bismutli, 

n, &L'. and expose it to the ac^on of sulphurated hi* 

IS, the paper will instantly become blackened. Writings 

1 with these solutions arc invisible when dry, but be- 

e when imraeraed in a bottle filled with this gas. 

LtE-.Jn this instance the hidrogen of the gas abstracts 

a from these bodies, and cause- them to re-approacb 

state; ai the same time, the sulphur con taitied in 

^^ombincs with the metal ibu^ regenerated and convert* 

O s sulphurct. 




of dx water ii siade. v^lfa 

tbeofoil r 
Uiaici§ a Urcn qoaniiQr of :< 
tliele« brillisiS: fbr ibe g^ 
wbicfa corcr the ^bolc m^oe gf ) 
ibcanclm npidly, acw ona 
tntwbies a veU nf dtc 

BEMABK...Far tLc success of llnsts 
that Itii! warcr, t^uniig tlic sdko of itt^ 
ndcrablv bested, which dg^ be rffetieal tlifa 
snlpbnnc Kid, add that the p)ws{>hanK be 1 
dcrritle (itoaittj-. Half a pin of i 
jHrrrs, one of gnnul^fterfstoc, ihtee of c 
acid, and tire of watT, answer this parpoi 

PbcHpliontted htdr&gaso gsi is al&o p 
air whicb bnmsat tbe iurftice ofcerumq 
ii called fanrind spriags onA ihc tgitu ^oM 
wkich glide along but^ng-groundit, or ploo^J 
ten arc pnuifying, consist of bidrDgcr. gm, 1 



.tED UIDROGEK 



SECT. II. 



EXPERIMENTAL PROOFS 

THE PBOPERTIES 

PHOSPHOBATfeD HIDROGEN GAS. 



i'PhMpkoTtttcd , 



idrogen gas takes fire on i 
with atmospheric air. 



L HIS may be evinced bj- ciiarging a small retort with potasli, 
posphonis, aud water, id the manner mentioned bcforB, apply- 
g heat and dipping the mouih of the retort into a bason c 
§VBter. The bubbles of air which come from the reti 
3 ihraugli the water will burst with a slight eicplos' 
jTpnjdiice flashes of fite in the circumambient air. A circaia( 
I Jlcnse wbitr smoke rises horizontally like a ring, enlarging 114 
5 (elf conlinually, and forming a sort of corona extremely beautiia 
l*lf (he air be perfectly tranquil. 

l' The finest effect is produced when the flashes of gas si 
"■ Mcb other but slowly. 
I, Ration ALE... We have noticed before, ihat pbo^horated 
' bidrogen gas, is nothing but hidrogen gas holding pbosphorus in 
When this gazcous fluid ia pre:;>ntad to tiie atraos- 



I with pbon 

vben Hiflered ui na^ into ibc air by IdcUdUI 
IltllkBK....ThU lui ii a hxxanlMn ea pei iq i 
ettta bttni 10 picca ; it ii tberrfore occessafi 
with J doih in onlor to avwi dangerotn emus, ' 
bottle anj be SMd for tLii purpose ftitfa 



Fin a rec«i«!f »ith ni^en g^ and conrcjr lot 
of pbntplujnted hHlrogea g«. At tbr. instan 
tliP ^>es, a briUiaiit Saih of fire ukee place, 

■ Tr|Nin. 

ItF rationale of this e\perimeci is SM^^H 
iM-.EF. ..Gr>:.U caution is DfCeisa^^^l 



of pkasphoratud hidrogen gas, iy meeni of 
oxigenated mariatic acid gas. 

WAtsb'ptepatfd pbwpboraCed bidrogea gas aod osigenaMi 
(tie acid gas are mingled logeiher over mercury, a consi-" 
^e detonation takes place, accompanied with a lambent 
b flame, and dense white vapours. 

..All that happened in the last expsriments take* 

t in this iostance. The oxigenaied muriatic acid gas is 

d of its (uigeQ, and hecomes cbnveTted into simple muri- 

icid gas ; and water aad phosphuric acl') are produced. 

I heat inflames the phosphorus which was dissolved | 



R...For the success of this eiperiraent it is c 
aotb gases are fresh prepared. The receiver in which t 
v is made should be very strong, in order to guard agaitd 



orated hidrogen gas burns tetth a green lignt in macent 
igenaled muriatic acid gus, under the imfact vf water. 

^ into an alc-giass, or Florence flast, one part of phospl; 
I^Uffle, broken into pieces of the size of a pea (not u 

n poioderP^ and add to it half a part of oxigeciited' ' 

e of potash. Fill the vessel with water, and bring carc- 

1 contact with the materials at the bottom of the fluid, 

Borfijur parts of concentrated sulphuric acid. Tliis may 

lost conveniently done, by letting tiie acid fall through a 

scked funnel, reaching to the bottom of the vessel, or by I 

pass down the sides of It. As soon as the deconj 

S 2 
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PlI06rilDRAT2J> HIDKOGEN Ohi. 

fte!r elasticity J plates of yellow matter are depoaUed oa 

Je« of the vessel, which take fire on hot iron, first b the 

i of phosphorus, anil afterwards with the characters of 

JlO(i*LK...It follows from this experiment that the hidro- 
Blhe only subMance which combiaes with the oxigeo ia J 
pircuiustances, since the gases lose their fluidity and ds-a 
respectively the sulphur and pbosphoiui ccmtaiued UM 



rated hidingen gas is decomposed ly vivid Ughl. 



■igH phosphorated hidrogen gas may be kept otci 
I dark, for any length of tiine unaltered, thi* i: 
\ the gas be exposed to light. If a bottle filled with t 
e painted partly black, or surrounded with black pap« 

scd to tlip light of the sun, the Union of the 
I aad hidiogen will be broken, and the phosphorus will b 
■crystallized at those parts through which the raya of light 
leered to pass, and the hidrogen ^as will be left behinil. 



yirsors gas. 



...IV SX'. 



I =iTcx-ra as icii 






MUTItCDg or OBTAIKIKS RtTaoui DAS. 



t 13 not decomposable by water, though lOO cubic ii 
muid whcn'frecd ffum air, absorb about 1 1 . S cubic iocliM 
i "Tbit solution it void of taste ) it does oot redden blue vcgc- 
t .colours ; tiie ga« is expelled again when the water is mads 
Inl or suffered to frccEc. It hat uo action ^n nitrogen gai 
[t when assisted by heat. It is decomposed by sevcfal mctats 
Igh temperatures, 

I apocitic gravity, when perfectly pure, is to that of nti 
icuras i.ogs to i. 

It spirit, sacchariae matters, hidro-carbooetes, luIjAi 
I pbosphorus have tio action on it. It b not seniil 
^od by the action of light. Heat dilates it, It rapidly 

v'nh oxigen gas at common temperatures, and convei 
b niirous acid. Atmospheric air produces the same ellcct 
h IWB inCcnsily, It is absorbable by green sulphate, i 
d'lutrate of iron, and decomposable by alcaline, tenti 
lUic sulphurets, and other bodies that have a strong 
lugcn; but it is not capable of combining with ihcm 

IS to form saline compounds. From the great 
r of bodies wliich absorb it, it may be again eipellcd by 
fe^pplicaiJon of lieat. 

Cit communicates to flame a greenish colour befoK extinguish- 
\iti when mixed witli hidrogea gas it acquires the property 
ming with a green ftamc. It is ab»orbablc by nitric acid 
|1 renders it fuming. 

HThea exposed to the action of caloric in an ignited porcelain 
it experiences no alteration, but whui electric sparks are 
Ide *o pass through il, it is decomposed and converted into nl- 
It acid, and nitrogen gas. Phosphorus does not shine ta it 
If composed of 56 parts of oxigen and 44 nitrogen. 



1 

hciof^ 



METHODS OF OBTAINING NITROUS GAS, 



. Put into a small proof or retort, wine copper w'uc or pii 
ic uioe metal, and pour on it muic acid of eaauatKe A* 



iel^^^B 



^ 



..Ammonta consists of hidrogen and nitrogen, iit I 
II1CS with tiie oxigcn which is given out by the ig> T 

togantEc, and forms water, it? Ditrogcn uiiitca ii tha I 
o anoUicj- portion of the oxigcn and constitutes the J 



[...There is a cause of dcceptioa in this eipttrinient,J 
fcich the operator ought to be on his gnardj lest h»B 
Indudc no nitrous gas ii formed, when in rc.ilify thcr 
pleTable quantity. The ammonia, notwithstanding cvcrjrfl 
D will frequently pass over undeeow posed. If the re-M 
amatic trough is filled with wattx, great part ofl 
Indeed he presently absorbed i but "til! some portion o 
pcwith tbt, oilTous gas formed in ihr proi^eis. Upon ni 
B atmospheric air, the nitrous gas will become tIfiCQ 
d the red nitrous fumes instantly unite with the alcall.'f 
i presently filied with white clouds of i: 
in this manner a wrong conclusion may cmily bol 
<Wti ft-ottn the wanrof the orange colour of the nitrous fionesjr 
^ttnsidcrablc quantity of nitrous gas may have been fai'mcd.g 
I yd no orange colour appear, owing to this circumstance J 
I therefore it ia easy to understand how a small (juantity c 
njtifl gas may be most eiFeciually disguised by the same c 
}r. Milnei* also obtained nitrous gas, by passing amnunia^ 
gas over iulphate of iron deprived of its water of crysUUisf- 



•na. Tna. Lxxix, p. jio. 



raoAf* or tvt ravrcmms ar siTvans Kt%. 



EXPEBBtENTAL PBOOF3 
THE PnOPEBTIES OF XnHOUS GAS, 

Exp EB IMS ITT I. 

yitmtt gOt dttampwtt atmupifrie mr. 

LT WK racaboDcii beioK thai ntrMu pc gnefly ■■ 
;as asd annoipberic air. We dull 
at tke came time Uut doiii^ tUi ddmo, an ae 

Fai* ^ iuto a ryltadncal glasi vewcl, orer wateft 
Bcanre of lumxu gas and tvo of commoa atr^ tlm I 
rill ipenbij unite, red l^uuci will be pnxkiced, and ih 
if ibc tno c<aid)tiK(I gsi^ niU be dimimilinl. A cu 
Icgree of beat will be peroeived. the water will vl»e t 
Buder sod atnoTti tbe red nyoan. \t'\aa iIm: two fl 
D niixed ia doe [iroponioa, nolbiog maains m 1w| 
pitngen gat of tbe atnxupheric air. Usiullj' IG . 
lanwa air arc requisite to dnfioy cMoplct^ "J^ 
trotu gaj; this btrwercr variee accotding to the poi 

BAnaHALE...'Hieoitnitu gss in itb ex] 
tbe atmospliciic aiii it takes the toigen Aum 



wools Ml ;■« raOPBRTIM OF XITKOn SAM. 



h h iDil baas tnooiK aoil-, t^ nitrogen b d^xcfrac I 
i the heat wltidt ii gf n riM i 'il b dtt caloric wIlkA J 

in wnidi oow beccmcs ISictatcd. 
B 4m itiii^TTi' 'K vTw tjou^cu gtK be ndwtitttc^ Ai^ i 
nwiQ be Mill more aoikiiig. ll'^pJetof pareaxigcn 
A vkfi Mo of cdtraci gB the minci wQl !>• much 
^ nd t&e mloBte of i^ pses akiu»t entirrlir daipfrMi. 
...Upon tLeprapeitr«lucbimiaEUfas)a*(if abfOrV 
^Ae cisise& »£ tbe xtmowbe^, Ptieuk^ tai Foetuu feuod- 
D rftbeir fiwtinmefen dnuklr mcnbixKd. 




3 iSp of DawK ptper wilfaia i gloss jsr, 
M tato ifie j.ir, iBed with aui iarcnod 

jfaoiB gis, prmoialj veil wulicd. >* *>11 ilisplace the fluM 

)law the kni of the psperi die blue ccJoor at the piper will 

ml, bia aa tending up aOoospbaic air or oxigeii 

, it win insncdiatclj change its blue coloo; to red. A sun 

if that an add fa^ heco tbrmnL 

i nitToas aad which is prcdoced hf the nn*oa of at- 
■ aad oodgea gis, maj be enoced in the following 

ExrCBIMSKT III. 

3 a Jar filled with and iaTcrtcd curt mcmuy, put a st 
y at soltukn of pore potash, and afKrwards awtaant of 
ititpo and Ditjoiu g^es leparaif It, and in ptvper proponioD, u 
img *s an abuirpuaD takes place. On rvtaona^ the saltitian 
totn Uk J3T and mporsiiog it in a gbcs bofOD. ctritab of tah 
■HI be toaaeii u-b<ch eshitrit all the properties vf luirate of 



I 



SS4 noon or tdk raurKHTina up xiTiouti UAJ 



£xpE»i«e»T IV. 



Kilrmu gas U ahorbcd by mine etid, to if/iick ilghiet ■ 
tkiiracttti. 

Let ttitrous gas past as it is libc^rated from Uic niaierlalB 
afftildlt. Into a bottle contaiaing colourless nitric add, lbe«ii 
will first become yellun, then green, next oi3iige--colouredi 
St lut dark pUvc-cobured and fuming. 

It ATI oK ALE. ■■The change of colour depends on tbe aluatptidl 
of diifneut quantities of nitrous gas. Priestley found thai 10 
j)a(ia of nitric acid of a moderate streogth, absorbed in two d^ 
$0.2g of nitrous gas. He informs us that when about 
pitrts were absorbed, the acid assumed au orange colour j whoi 
efighlcen parts were absorbed, a green cglour; and that 
tlic 90. 2g were combined, it became red and fuming. 

RBMABK...lf the olive-coloured acid be diluted with wa 
becomes liliicj the orange-coloured when united witJt 
becpines emerald -green ; and a large quautity of water r 
citlicr of iJicm colourless. 



Expi 



r V. 



Hil'ou! gaji which has been ohorbed hj nilrit acid mu 
petled again from, th'ufittid. 

This mny be shown by gently heating the acid coloun 
befbrc'going experiment till it becomes limpid, lit tl 
mcnt light should be excluded. 

lATiow»LE...The nitrous gas absorbed by tlift : 
L greMtcrnffinity for caloric than the nitric acldhasj ihis'i 
therefore is here employed for disengaging the nitrous g 
rendered the acid fuming. 



EsrsBiMetsT VI. 



f Tfitrofs gi" ('"f c( ikejtame of liirni«g hodia gretn. 

^ik a widc-funiilhed bottle with a mixture of one part o 
s, and four of hidrogfa gas ; set lire to It wilh a li^ 
ml ibr miilure will bum wiih a green flame. 

If a lighte<i lapcr be immersed in tiilrous gas, it eshibj 
B flsmc before the taper becomes (.■RLiLigiiisheil. 

ExPEBmENT Vir, 

b unfl for mainlaimag ihe cnmliislion <^fthe grd 
number of burning hodies. 

P 3 receiver witii nitrous gas, and let down into it a burtu 
) die taper will instantlv be extinguis-liedi die same thing 
muen to ardent spirit, ails, &c. though baraiiig wiib n 

t nitrous gas however is capable of supporting the com- 
D of Other bodies will be obvious from the following < 



Experiment VIII. 

Accens'ion of pj/roplnirus in nitrous ga.i, 

ne new-made pjropborus in a copper spooft, a 
nto a receiver tilled Willi nitron* gas; the pyroprf 
■iDStSDtly take fire and tlie volume of the gaa will bccora 



LTioMAi.E...Thc pyrophorus effects a real analysis e 
I it subtracts its oxigen ^d leaves its nitrogen behind ; 
c [cmaiuing air be examined it will be found that ilieoJ 
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PIOOPS Ot TXt nOTUTIU OP KlTIOtlf SAt' 



[ 
I 



Time, or baiytic watw turtid, and that it uodergoes no fivdwt 
diminutioD when mingled with oxigen g^is; jt U therefofe • 
mixtore of carbonic acid and nitrogen gas. 



Ejr. 



r IX. 



Xilrous gas tnaiiKaitf the comtuslion of phosphorus w/irn inlrO' 
dated in a state of actual inflammaiion. 

TliDugb [ihosphorua may be Aised aud even sublimed 
gas without [jioducing. tlie slightest luminoiis appearance, if the 
gas be pi?rfeclly pure; yet if a bit of phosphorus be placed iai 
copper ladle, tlien inflamed and jniroduced into tlic gag wbea ii 
a state of actual juflsmmation, it bitrns with almost as niMk 
brilliancy as in oxigen gas. 

RiTioNALB.-.The rationale of this experiment proves tbalat< 
the Leal of ignition, phosphorus is capable of disturbing the eqd- 
librinm of Ibe affinity subsisting bi^lween oxigen and nitr^gcfl 
in nitrous gas, on which account It attracts the formei 
the nitrous gas and leaves the latter behind. 

Experiment X. 

I Nitrous gas infiames charcoal ivken introduced it 
\ igniiion. 

I If a piece of ignited charcoal be introduced inti 
there will also be a vivid iodammation-, thin experiment n 
(else be performed by setting lire lu the charcoal ci 
zous gas, by means of a burning lens. 

EiTioNAiE...The charcoal at tlie temperature of igmticj 
composes the nitrous gas, by sobtractiog its oxigen ; henne o 
bonic acid Is formed which may be evinced by admitting to ( 
residuary gas, a solution of barytca, Btrontia, or lime in v 



r fu* p«or»mw o 



EkPUtMBMT XI. 



■ ahorttd hf grrrm am 
afiroa. 



. taJfttatt, md m 



f conTfiT**"' sototMMi of pate greco am 

] by dUioIriiit; iroa filings perfectly free from n 

{"mariaHc »cid, ei-npcrHii^ <J»c loluttoa briUdjr, and prcscniog 

t fnan die contact of aiTn»>ptKnc Sir,) ■» cxmndT well calcu- 

... ... --^rtjin live qaantir^ of nhir^ea gi« cooiained | 

r^ at nitrmu ga. In on osy Bumptf. 
ti:e abwptsin of oHrous g» bjr thb memfi it te d 
Tirrr--;:^- in a^ilaK in <• gtadaatcti tube a qiuniii)- of ihe g 
f contact with the solution; the green toiuiioa of iron will i 
a hravra mtuat. the gas will lie dimiaUbcd, and the ■ 

' inio tfi*- tiit>e- 
L of purr giecn siilphale t,f iron (prepared by di J 
n £iings iu sulphuric acid, and ibffl i^iatin^ 
-I'lktac-i ititli sulpharateil liidrngen ^nn) i 
■' Pale green niliati: of iron may likewise be I 



1 Rah iN-ALe..,Tfac absorption of the nitrous gas, by ineaDltt 
'itfaese MiUitions. lakes place without any decaiupositioD nf it a' 
eamtnon temperstures. U depends merely on an eqiiilibrium oi 
Affioiiy produced by th<^ following sJnipk altractions, 

1. That oi green oxid gf jron for the oiigen of nilrousg: 
vaier. 

2. That of the bidrogen of the water for ihe nitrugen c 
I nitTous pti i and, 

3. Iliat of the principles of the sulphuric acid for nitt^ 
sad iiidrogen. 

Hcm ARK. ..Thai this is the true cause of the absorption, J 
fectOr Daiy has sufficiently proved in his Resenrcbeg, p. ] 
VatKiueiiQ and Htimbolt have been mialaking with ri 



• ;.. -:.:.■ -at ^^s absorb* 

* - "* . :. ""..'••. > .iiA> abs< 

' ■•■■"»..■ *. : v:: -liTi '.v:di wat 

■-" - • ■ -r -. .-'lie ji liic 'ninir 

■*^^* ■ *• ■ ■•■■>. ■-•.f r •» j'T'f.T of oxiJat 

\v .-■. ■ ■.■■^-- . •.■--.> ;■> /.i-.d -A .Iter will 1 

-■■ '^ ■■■■.■..> ■•. - '\->i .'f :i:c.'tailic sol 
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•«r.:'i.*.'. ;.;!ir^r.:r.:res, as '^ 



"^^ ' ,"■■ : «-.x-.-.l".'t:^. I?.l^y suppose 

- . ".. ..::.• .* I .:w :ucnulic oxiJ 
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^^ Vc'.\ .!:i*".> ;isi > o\rv>ci L^' weKcti iron i 
^*i\ .1 i^ \.li:"!-v -;^>\\-\ rakjs •/•act.'; the Iron 



[rit60FS OF THE HHorCRTlBS OP MITBOUS GAS. d0]|'l 

n filings may next be removed by withdrawing it j 
tec wattr, and ibe remaining gas may be made tlie aub- I 

Timoit. 

^Composition of nilrom gas is more quickly elfected by I 
Bates of iron into a solution of nitrafe of copper, 

E...The water in contact with the iron is decom- 
■ Virtoe of the affinity subsiatiag between its dsigen and 
it9 hidrogen with a portion of oxigen at tbe lame ' 
lets the nitrogen of the nitrous gas and produccE water, 
L and nitrous oxid. 

^K.<.That the iron h not oxidated in tbi-i process at the I 
f Ihe oiigen of the nitrous gas, becoines obvious when 
r is essentially necessary to produce the de- 
looi for dry iron filings eflect no change whatever in 
li at the usual temperatines. 

E sulphuFets moistened with water, put into a vessel | 
s gas, decompose it in a short time, the remain- 
loo longer reddened by the contact of air, the greatest 
Itrous oxid. 

EspBBIMeNT XIII. 



u gru is drcomposed by expos 



c and water. 



I nitrous ga* is eipoaed to a large surfiiceof zinc in con- 
li water, it will be slowly converted into nitrons osid; at 
lie flame time that ammonia is generated and white oxJd of zinc 
i formed, if the process is sufferedto go on for a considerable 



i IU.TIONALB... These phenomena depend like the former upon 
|ie <fecamposition of water by the aifinilies of part of theoxigen 
nd nitrons gas, for its hidrogen to form ammonia and water. 

RsHARK...ZJnc placed in contact with water, and confined 
ij mercury, decomposes it, as Davy observed, at common tem- 
■cratures. But zinc when perfectly diy, does not in Uie slightest 



1L 



I 

J 



ttintturei' the ptoducU t}my abaiivJi 

ibe exiMtOTc oT ihcir imprrgpated toluilon to tt« ■» 

TItR abMUption m nllTonA gat by mcua of tk* ■ 
krnti M praportjanatilr- to the ik^rei- of the 
Mlutloo. 

ScrenlytWp cubic mdie* of ctracenlrnted ulalMa 
af irati almurli ahoui Iflof niaxMU^s. Sufjtfurtit rfa 
■Htlyanr balf at lltit (luaniiiy j tbeg^u abtorbcd icirt 
■sab bfhext. 

Nimxik las (aooor^ing li> Davy) i« also ahsorteS ^ 
whit« pruHiiate of iiaa, in couiact with waierj bf 
tin i wlpluie nmi muriate of zinc ai the minmitm^ a! 
aotl prabnblj by man/ other nictjDtu solutiom hi 
tried. 

In laci, wbenrver the metals capaLOc of 
Bxitl In Kolution nt tbdr minimum of oxidtitiMi, tht 
csmcd by them uu nitrous gas aiicl water will be sadi 
duce comblanicing ; lUe powers of metallic eoltiiiont I 
■with nitrous g3» at common temperatures, as well M^ 
pose ii at higher temperatures, Davy suppoiei to T* 
in the ratio of Uie aflinity of ihe metallic oxida tbey I 
oxigen. 



Expi 



D.-C 



^position nfn'i 
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I kidrogm 



When nitrous gas is exposed to wetted iron Jiling), 
lion of its volume slowly takes places ^^ "ron become 
md ammonia is fonned. 

For performing this experiment, wetted iron & 

ejcposed on a shallow dish or plate, supported by fl 

of the ga» contained in a broad recelvi 




5 lJ>c iron filings may not be removed by whlidrawbg it 
igb the vater, and the remaiouig gat may be tnaiJe the sd>- 
if experiment. 

is decomposition of nilroua gas is more quickly effected by 
"g platfs of iron into a solution of nitrate of copper. 

...Tbe water in contact with the iron is decom- 
3 by virtue of the affinity subsisting between its oxigen and 
Its bidrogea with a portion of oxigeu at the same 
acts the nitrogen of the nitrous gas and produces water, 
, and nitrous oxid. 
MBiL...That the iron is not oxidated in this process at the 
e of the onigcn of the nitrous gas, becomes ob\-ioug when 
asidcT that water is essentially necessary to produce the de- 
j for dry iron filings e^ct no change whatever in 
It the usual temperatures. 
!nc sulphurets moistened with water, pat into a vcssd 
tb nitrous gas, decompose it in a short time, the remain- 
is no longer reddened by the contact of air, the greatest 



IfUroia gti is dtcrrmposcd by exposure to xinc and watfT, 

a nitrous gas is exposed to a large surface.of 

h water, it will he slowly converted into nitrous oxidj 

e ticne that ammonia is generated and white oxld of zinc 

, if (iic process is suffered'io go on for a considerable 

Mo NAxe... These phenomena depend like the former upon 
[position of water by tbe affinities of part of theoiigen 
IS gas, for its hidrogen to form ammonia and water. 
K...Zinc placed in contact with water, and confined 
rcury, decomposes it, as Dary observed, at 
^tures. BiU zinc when perfectly diy, docs not in Lite sli 
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act upoD nitrous gas. Van Monim iciniirked 
lead, iron, atid mercury were all oxidated by taking ibe d«tnc 
kpark in contact with nitrous gas, Davy, who has made ttir 
greatest number of experiment* coacerniog the nature ol nitroiu 
gas, coDsiders the analysis of it by charcoal as affording data boA 
calculated for determining the respective quantitica of nitrogen' 
and osigen in a given bulk of nitrous gas, and correcting U by 
mean calculations derived from the decomposition of nil 
by pyrophorus and liidrogen, and its couversion into nitnnw 
oxid, concluded that lOO grains of nitrous gas are composed of 
55. gs of oxigen and 44.05 of nitrogen gasj or taking awny de« 
ciDials, of 56_ oiigen and 44. nitrogen gas. This estimation 
BgrecB very well with ifie mean proportions of Priestley's experi- 
ments. But as Priestley never ascertained the absolute |nuily oS 
the gas he made use of, and probably employed dilTercnt kindi, 
in different experiments, it is impossible to fix on any one, from 
which accurate conclusions can be draw'n. 

Lavoisier's estimation of the respective quantities of osigen 
and nitrogen gas, entering inio the compoaitjon of ritrous gat, 
has been generally adopted. He supposed 64 parts of nitron 
gas, to be composed of 431 of osigen and 20f of nitragtai gu 
The difference between this and Davy's account is very great in- 
deed, but Davy* hag pointed out many sources of error in the 
experiments of this grcal man coQceroing tlie decomposition rf 
nit™te of potash by charcoal, which were fundamental to his 
account of the composition of this gas. 
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PART XXVI. 



E combina^on of nitrogen and oxigen wBEcli ^. 
I he&ac under Ox name of nitrous gas does flo, 
' . . , . , vonsiituic 

inl degree of oxigfnaiion of nitrogen; Ihere is ^^^^ 

. . .— ^jg_ This combination was fortncriy cajj 

litrous gas, but now gazeous oxid of nftro^^ ^'^"l 
It was first discovered by Priestley, j, "' *"' 

s have since been investigated (though not very a 
_ g society of Dutch chemists. 

,sor Davy has examined with uncommon accuracy the 
n and properties of all the substances concerned in Its 
icuon. He has detected the sources of error in the expcri- 
a of PriesOey and the Dutch chemists, and to him wc arc 
d for a thorough knowledge of tliis gas. We shall there 
^ _bibil lie philosophy of this gazeous fluid as wc find 
jj jHfHirhg* concerning tlie nitrous oxid. 



mere- . 
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tfOett.7ttt or GAZEOUS OXtO OF StTBOGES". 



GAZEOUS OXID OP NITROGEN. 



VyAZEOUS axxi of nitrogen exists in the form of penaaucut 
gas. A candle burns widi a brilliant flame and crackling noise 
fai it i before its citinction the wliite inner flame becomes bi 
rounded with a blue one. Phoapborus introduced intii It, In » 
state of actual inflamraatioii, burns with increased splendor, 
as in oxigen "as. Sulphur introduced into it wheti burning wltt 
a feeble blue flame is instantly extinguished j but wheti 
[ rtaie of vivid infi-ammadon, it burns with a rose coloured fl 
I'lgnited charcoal bums in it more brilliantly than i» atmospliedc 
Fsir. Iron wire with a email piece of tvotid aflixed to it wbeB 
inflamed, and introduced into 3 vessel filled wilh Ibis g«s burai 
Tefacmently and throws out bright scintillating sparks. 
combustible body however bums in it, unless it be previonilj 
brought to a state-of vivid inflammation. Hence ^olpbur may tki 
melted, and even sublimed in it, phosphorus may be liquified 
ia it withoat undergoing coinbtiBtion, Nitrous osid is pret^ 
rapidly absorbed by water that has been boiled ; a qvantj^ of 
gas equal to rather more than half the bulk of the water may be 
ihns made to disappear, the water acquires a sweetisb fc 
Hb other properties do not differ perceptibly from Ci 
ter. The wiiole of the gas may be expelled ag^n by ha 



TBOPBKTtES OF fiAZBon OXID 



anoi change blue vegetable colours. It has a dialincUy sweet 
le, and a fainr, but agreeable odour. It undergoes no dimi- 
nution w-lien oiiiif led with oxigeii or nitrous gas. Moat of ibe 
liquid iuflmumalilc bodies, aucb as other, alcohol, volatile and 
fiit oils, absorb it rapidly and In great iiuaniity. Acids cicft but 
UlCtc ^tioa ou it. The affinity of the neutro-saline soluttoiu 
ftr g.-!zeou* oxid of nitrogen h very feeble. Green muriate and 
green sulj^hate of iron whether holding nitrous gas in lolutioa, 
or not, do not act upon it. None of the gases when mingled 
_witli it. suffi^r any percqitible change at common tcmpct.-iture* j 
the muriatic and sulphureous acid gasca excepted, which undergo 
a sUghte^pansiou. Alealies freed from carbouic scid exposed 
ia the dry or solid form have no action upon it; they may bow- 
CTcr be made to combine with it in the nascent iiate, and tbes 
ComlllUli' saline compounds of a peculiar nature. These com- 
binations drflagrate when heated with charctial, and are decom- 
posed by acids ; the gazeous oxid of nitrogen being disengageil. 
It undergoes no change whatever from the simple effect of light. 
The action of the electric spark for a long while continued, 
I* converts it into a gas analugnus to atmospheric air and nitrous 
c aaine is the case wtieii it is made to pass through an 
Ignited earihern lube. It explodes with hidrogen in a variety of 
proportions, at very high temperatures ; for instance, when 
sparks are made to pass through the mixture. Sulphur- 
ated, heavy and light carbonated hidrogen gases, and gazeoui 
oxid of carbon likewise bum with it when a strong red heat is 
^({ilied. 100 parts by -weight of nitrous oxid, eonlain 36,? of 
oxigen and t)3.3 of nitrogeui itKJ cubic inches weigh 50 grain* 
nt S5° te^iperature and 30 atmospheric pressure. Animals 
when wholly confined in gazeoua osid of nitrogen, give no signs 
of tine.iiiuess for some moments, but they soon become restless 
(itui then die. When gazeous oxid of nitrogen is mingled with 
■unosphcric ait, and then received into the lungs, it generates 
highly pleasurable sensations ; the efF eta it produces on the ani- 
ll system ajs eminently distinguished from every o! 
T 3 
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ca! Bgcnt. It exdles evpiy fibre to acUoD, and rouses iho 
fscultiea of the mind, inducing a state of great cidhilaratiwi, an- 
irresistible propetuily to laughter, a rapid flow of rlvid IdcaSf 
ood unusual vigonr and fitiicw for muscular excrtioiu, in aawo 
■ respects resembling thoHe attend&nt oa the pleasaniest period , 
of intosicatioo, wKliout any subsequent languor, depressioo of' 
energy, or disagreeable feelings ; but niore geaeraO/ 
LlUkiwed by vigour, and a pleaiurable diqjoaltion to ex^itiaU, 
^whlcb gradually subsides. 

Such arc the properties which characteitic the nitrous ox'id. 
Ite Dutch chemisis and some French anJ Gcnnaii pbiloio* 
wt* that it cannot be respited i tliat burning pbospbtH 
iulphur, and diarcoal are extinguished in il, ic. It is pro- 
bable they did not examine il in a state of purity, for it it 
otherwise diificuU to account for tliese and many other enoncotn 
fi^nionj, 

METHODS OF OBTAINING GAZEOUS OXID OF 
NITROGEN. 

* t 

Gazeous oxid of nitrogen is produced, whea suh^lancES having 
a strong affinity with uxigen are brought into contact with uiufc 
acid, or with nitrous gas. It may therefore be obtained by vft" 
rions processes, in which nitrous gas or nitric acid is decoiiii- 
posed by substances capable of attracting the greater part of their 
exigen. The most commodious and expeditious, as well ai 
cheapest mode of obtaining it, is by decomposing nitrate of aai- 
monia, at a cerlain lemperoture, in the following manner. 

I. Introduce into a glass retort some pure nilraie of ammoata, ' 
and apply tlie heat of an Argand's lamp ; the salt will soon U- 
quily, and when it begins to boil, gas will be evolved. 
Lithe heal gradually till the body and neck of the retort h 
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d wilh a aemi-transparent milky-whltc vapour. In this *tate 
tenipi^ralarc of tbc lUscd nitrate is belwcen 340° and 460^. 
AAcr Uie dctmnposition has proceeded for a few minutes, so that 
Uie gfls evohijd quickly t:iUargc§ (lie flame of a taper held neat 
tbe orifitc of tlii^ rcto/i, it may be collctlfd over water, care 
being taken during tlic whole process, oewr lo suffer the (era- 
pfraturr vt llic fused yitralt to rUc above 500° Fjhr. which may 
casity br judged ot, from the density of ibc^ v3pour» in the retort. 
smd bom thi quiei ebullition of the fused nitrate ; for if tlie licat 
be increased beyond this point, Ibt- vapours in the retort acquire 
3 reddi^i and more transparent appearance ; and the fuard ni- 
uate begins to rise, and occupy twice the bulk it did before. 
The nitrous oxid, after its generation, is allowed to stand over 
crater, for at least six hours, and Is then fit for respiration or 
iKhcr experiments. 

Bati OK A Lk,.. Nitrate of ammonia consists of nitric acid and 
aminonia : nitric ncid is composed of nitrous gas and oxlgen ; 
and ammonia coosiaU of h!drog;eD and nitrogen. At a tempe* 
istirc of about 4S(f the attractions of bidrogen for nitrogen in 
anirauijLn, and that of nitrons gas for osigcn in nitric acid, are 
■ .'■ : while 00 the coiilraiy, the attractions of the hidrogeo 
1 tor tlie oxigen of the nitric and, and lliat of the re- 
inTjogen of the ammonia for tbe rttrous gas of the nl- 
ixit ;icid, are increased; hence all the former affinities are bro- 
ken, and new ones produced, namely ; tbe bidrogen of the am- 
monia attracts the oxlgen of the nitric acid, the result of which 
i» ttmicT; the nitrogen of tlie ammonia combines witii the libc- 
niod nitrous gas, and .'orms ^Itraus arid. Tlie water and 
oxid produced, probably exist in binary combination in 
iform stale, at the temperature of the decomposition, 
the philosophy of ths production of gazeous oxid of 
by decomposing nitrate of ammonia a( that 



!, given by Davy. 

» illuHlrattr this complicated play of affinity a 
ig sketch may not be deemed supwfluotis. 



■-SvOil 




Rem A BK... Professor Davy bas likewise poiuted oat thata 
f fhe heat employed for decomposing nitrate of ammonia Ji 
I above ihe before-stated temperature another plaj of ai 
l' fakes place i the attractions of nitrogen and hldrogen for i 
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ether and of oxtgcn for nitrous gH8 arc slill more'diiuiuUbed, m 
tlut of nitrogen for nitrous ga* is totally destroyed, aiu) (b3 
MdrogrD for osigen increased to a greater extent, A ne^ 
<raclioQ likewise takes place, namely, that of nitr 
nitric scid 10 form mlroui vapour,* atid a new arrangemefl 
jiriiiciples is rjpiJly produced : the nitrogen of ihe ammonh^ 
'^vlag nt) alTimiy for any of tlie single priociplea at this lempe- 
'.nture, enters into no binary compound j the oxigen of W 
nitric acid forms water witli llie hiJrogen, and the nilro 
Cumbiues with the nitric acid to form nitrout vapau 

All these substances most probably exist in oombinaliaq| 
the temperature of their production ; and at a lower tcrriperafl^ 
'.ossiuiK the form of nitfout acid, nitroat gas, nitrogen, 
viattr i and hence we see the necessity of not healing thnj 
;trMe of ammonia above the before-stated temperjEur 

Oo account of the rapid absorption of gHzeous oxid of Hi 
gen by water, it i^ economieal to preserve the fluid which ^ 
been used to confine this gas, and to make ase of it for collect- 
ing other quautities of it. la order to hasten lis production, the 
' nitrate of ammonia may be previously fi'ced from its water of 
t'oystallizntion by gently fusing it in a glass or Wedgwood's 
i lutton for a few minutes, and then keeping it for use in a wdlr. , 
KOpped bottle. 

2. Nitrous oxid may likewise be obtained by eK:posing | 
atoo nitrous gas to alcalinc sulphites, particularly to sulpbill 
potash conlaining- its fiiU quantity of water of crystalliz. 
The nitrous oxid produced from nitrons gaa by suiphitt 
has all tlie properties of that generated from the decomposifi 
^nitrate of ammonia. 

BATio\ALE...The conversion of nitrous gas into nitrous 3 
these bodt£5, depends on the abstraction of a portior 
by the greyj-j affinity of the sulphite presented t 



■ Hence Uie leddish tsjiaur in ihc re 
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; nllrogen sad remaining cnLigen assume 
Pttate of csiatcDce, aod coiislitute nitraiu oxi<L 

3. Nitrous oxid may also be obtaineil by miosling logctber 

Knitrous gas and sulphurated hidrogen gas. Tlic i,i)\iinie of, 

I in this case is dimmished, sulphur deposited, amnuHiia, •tntetii 

s oxid are formed. 

Ai.E...The change of principles whidi takes pit 

f tiiia experiment depends upon tlie combinatiun of the bidrogcuiiC 
I the sulphurated hidrogen gas, uith diiFe-rent portions o.' the <nl) 
I gen and nitrogen of the nitrous gas, to form water aiul 
L and to deposit sulphur. Tlio remaining oxigen and lUlOQntfl 
Lbcing Idt in due proportion conalitute nitrous oxid. 

K...Thi3 singular exertion of attractions by a sinplai 
Ddy appears highly improbable a priori ; but the fomuiioa 
, and the non-OKigenation of the sulpliur, eladdilB 

la perfonning this esperiment care should be taken 
rihat the gHiies should be rendered as dry as possible; for the 
I prcaence of water considerably retards the decomposition. 

4. Nitrous oxid may also be produced by presenting alcaUoe 
I iulphureU to tiitrons gas. Dai^ obaervcd (hat a solution of 
* Sidphurct of strontia, or barytes, answers tliia purpose beat. 

Rati ON ALE. ..This decomposition of nitrQUs gas is not «>1^ 

produced by the abstraction of oxigen from the nitrous gas, |0' 

form sulphuric acid. Jl depends equally on the decompoullda 

I of the sulphurated hidrogen dissolved in the solution or liberated 

mftaai It. In this process, sulphur is deposited and Gulpbivia, 

pacid formed. 

. Nitrous oxid is obtained in many circamstances simiUr U 
Lthoae in which Nitrous gas is produced. Dr. Priestley found tbit ^ 

i evolved, togeliicr witli nJtrous gas, during tbc 
|:»olution of Iron, tin, and zinc in niliic acid. 

BAT[oiiiAi.E...It is difficult to ascerlain ilic exact ml 
f the-se processes, for very corapllcaled agencies of affinlj 
bku place, Either the nascent hidrogen arising from the 
jnposition of the watur by the [uetallic suhstance may Corabilie 
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with ponioiis of (he oxigcn and nitrogen of llie oitroiis gas; and 

tbus hy forming water aiid amnioDJa, coovcrt it iato jutroi^i 

oxid; or ilu^ metallic subsrance may attract at the same time 

ci^i^-n from the water aud nitrous gas, whilst the oaseeat hi- 

)gea of the water seizes upon a |)ortion of the nitrogen of 

i-fiitrous gasi to form aiumooia. The 3n:i!ogy between this 

MS and Che decomposition of nitrous gas by sulphurated hii 

;eo render tlie firut opinion most probable. 

Such are the principal methods of obtaining nitrous osid, 

^ tllKre arc no reasons, Davy thinks, for supposing tliat nitrous 

axid is formed in any of the processes of nature, and the nice 

eijaUibriuinof affinity by which it is constituted forbids us tc 

I bo()e for the power of composuig it from its simple principles. 

We must be content to produce it artifidally. 
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Gauoiu oxid of nitrogen U rapid^ ^hiorhed by 

£ ILL a glasi cylinder or graduated tube wiilj water prei 
boiled, and iovcrt it in a bason of the same fluid. Having 
this send up into it a qaantitj* of nitrous oiid, and mark the lerd. 
of the water in the cylinder. Then agitate it for a few 
in the water, aod the bulk of the gas will be seen consideiablf, 
dimiai^ing. Water may thus be made to absorb about one hdjjj 
of its owti bulk of gazeous oxid of nitrogen. ' 

On boUing the water, the gas which was absorbed will be li* 
berated, possessing all its former properties. 

If nitrous oxid be repeatedly exposed to wal 
gas will be the common air prei-i^i.ual)' contained in the 
and from which it can in no case be perfectly f:eed by rlmllilJiMi 
this air becomes separated on account of the greater affimtf 
water for nitrous oxid. The quantity of common air thoa |^ 
duced generally amounts to about -r's part of the vplume'lf 
water. 
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Tlte absorption of a 
I (Derated before may 



s (uiil by t}ic iafiammAble fluidieno* 

be evinced in a similar maimer. 



CintBliifible IrodUs do not hum in gaziviu ond of'nitngtn 
ttcept ahen in a stair of actual injlan 



Kn a jar over mercury with gaaeous oxid of nitrogen, i 
keep it over that fluidi introduce into it a sniull piece of sulpha 
cacnplior, or pbo^pliorus, and touch these substances with a 
«irc healed lo a dull reiincss, The §ulpburj camphor, or pbos- 
'^phonu will melt, and on continuing [lie he^t vasj even be niailo 
to sublime in the gas, but no accension will take place, 

But tliat the gas is capable of maintaining the combustion b 
infiammable substances becomes evident from tlie foUayr 
facts: 



n of ike taper 



^dafni 



TBc a lighted taper into a jar filled with nitrous C 
E&flme of the taper will become instantly larger, il 

a brilliant white flame and sparkle as in oiigen gas, 

p combustion goes on, the lustre of the flame dic^inishes ; 

laally lengthens and becomes suiTouiicIed with a pale blue 

6 of light, fi-om the apes of which much unbiirnt charcoal is 

1 the form of*smoke. The flame continues double 

e (aid of tile process. 



Expi 



r rv. 



I Combuslian nf phosphorus hi gawom oxid cfnilTogen. 



B of phosphorus of the size of a pea into a 
I. Kt fire to ibe phosphorus with a match, and quickly 
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Iduceit into a jar filled with the gas. The phosphorus i^'t 
■iiiiue to burn with a splendor nearly F^iiitl to that i 



The 

following 



s may likewise be evinced in the I 



Eki'Ehim: 
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1 strong glass cylinder over mercury, one-eigbth fall 
gazcous oxid of nitrogeDi send up into ii a few giaiog of fbat- 
phorus, heat a beiit iron wire white-hot, and introduce it tyiifAXf; 
■■through the mercury to touch the phosphorus, which thus will 
f'take fire instantly with a considerable detonation, • 

BeMflKK...Thi3 experiment requires caotion, the cylinder 
which the phosphorus i» inflamed should be very strong. The 
gazeous oxiJ employed should not exceed one-eighth of the ca- 
pacity of the jar. The wire for Uie inflanunation ought to be 
very well curved so as to be espeditiously introduced into the 
jar and capable of being quickly withdrawn. We have wilies*-. 
ed several accidents where the detonating jar burst dil^i^i 
experiment. 

Another very successfal method is as follows ■ 



ExpEi:i 






tLet thf jar containing the gazeoua oxid of nitrogen be p 
over mercury; introduce the pliosphorus in a small tube c 
tuning osigen gas, so balanced as to swim on the surface of die 
mercmy without communicating with the gazeous osid. 'Big 
phosphorus is then tired in tlic oxigen gas, with an ignited irtaf 
wire, by which at ihe moment of combustion, the tobc contailk 
ing it must be raised into (be gaseous oxid, and lltus iheq 
bastion continaes. 






r 

W Sulphur turning iinlh a feeile hluefiame, becomes mlmtli 
I linguished ia goisous oiid ofnitrogrn. 

I Put a piece of sulphur into a topper ladle, set fire to it, by 
Kuans of a candle, ;md wlicn it begins to burn with a blue fee* 
ble flame introduce it into a jar fiUed with gazcous oxid of Bt-- 
tfogeo. The sulpliur will be cstiiiguishcd the 
,' ^tu^cd into the gas. 
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lot that suJphur may be raaile to burn ii 
a tlie tbUowing 

LSPSBIMENT VIll. 



a Hate of vioid injlammalion turns wi 
toured Jlame in gaxeous oxid of wCrogfi 

bip a slip of copper into melted sulphur; ivheii cold set fire 

, and when in an actual state of combustion introduce it into 

»ith ilie gag, it will continue burning with a beauii- 

me very much enlarged and of a vivid rose-colour, 

I esperiroent may be more accurately performed ia Clie 

as the inflsmmatioa of phosphorus ; iiauiely, by 

ang it into the small vessel fiUed with osigen gas 

g it by means of the healed wire. 
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- IX. 



Delonalion o/gaxeous oxid of?iilrogen wish earionalcd hi 
drogen gas. 

fititroDs oxid and earboniited hidrt^cn gas po^isess do action on 
ll other, except at high temperatures. But when nunglcd to- 
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j[cther i(i certain proportions and cxj-^jsed to the electric si 

r arrangemcut of their principles takes place. Thb may 
C proved in the following maimer : 

Mingle together in a detonating tube, 35 parts of gasMotU 
oxid of nitrogen and 15 of carbonated hidrogCH gas. On (lOS- 
ling ihe electric spark through it, the intiamniation will be reiv 
vivid, nnd ihe tight produced, bright red". Aftra: the esj^im 
the §pace occupied by the gases will "be about SO. 

When 22 partzf of nitrous oxid and 20 of hidro-car^Dste an 
exploded, the residue fills a space equal to 45. * 

If Btrontia water be brought into eoatact with the gas aftflf, 
(he detonation, a white precipitate is itistantly formed aad ft ttt- 
minution takes place. On presenting nilious gas lo ibis reiidOGr 
the gas again becomes diminished. 

Bationalb... Reasoning from analog there can belittle dmflri,'- 
but that when carbonated hidrogen gas is inflamed with exeat, 
of gajjeous oxid of nitrogen, it will he ouly partially dccoinpojAt' 

I converted inlo nitrogen, nitrous acid, and atDiospheric air." 
Phosphorated hidrogen gas and gazeous oxid of 
lacLioQ upuD each other at common temperatures, but 
may be naade to act upon each other at a very high 
the following experiments will prove. 

1. Mix 10 grain measures of phosphorated hidrogen 

I&2 of gaseous oxid of nitrogen, in a graduated detonating tubft^ 

Knd pass the electric spark through it. A very vivid inflamnw 

mwill take place, and the tube will be filled with white vapour. 

c of the gat left behiod will Jill a space nearly «qtid 



Gaseous oxid of nitrogen and pkospko ruled hidrogen 




1^. On agitsting iliis £uid in conUci with water no abnor^ 
bwU Ukc place. On aJmitting niuous gas a dimiauiioii 

..It appears from this experiment that when ■ 

I quanlity of pUospborated liidn^ea gas U inflamed with 

»ns oaid of [lilrogcn, bolii Ihe phosphoiiw aod liidrogcn »ie 

i whilst the supei- abundant gaicous osld, is coDvertcil 

I nttroufi acid, and almoapberic air, by the ignilian; or a ter- 

kquAiuity is partioU}' dccanipusi:d into atmosphciic air by the 

jbinatiod of a portion of its o^tigcn with the combustible gas. 

b. Twenty-five parla of gaaeoiis osid of nitrogen mingled with 

fof phosphorated hidrogen gaa, may likewise be inflamed. 

t the detonation white dense vapours become visible, and 

) left occiipiea a space eqia) to 25. The residuary gas ii 

ulwivbable by watery oo admitting a solution of green sul' 

ir prussiale of potash, no blue or green ptedpl- 

Et produced, but if 25 parts of nitrous gas arc mingled wilh 

e retalt will be 50. 

tATiOMALe...From ibis experiment we learn that when phos- 

d hidrogen gas and gareous oxid are (o each other as 35 

BOi they both disappear, whilst nitrogen la evolved, and water 

phoric acid produced. Reasoning concerning the com* 

ion of gaieous oxid of nitrogen from this_ result, we should 

s composed of about 33 oxigen and 02 ni- 

L Ten grain-measures of gazeous oxid, mingled with 30 of 

TSted hidrogen gas cannot be inflamed. 

If Twwnty-five of ^azeous oxid of nitrogen with 20 of phos- 

Ued hidrogen gas inflame readily. The gas after detonation 

wise opaque, and fills a space equal to about 45. The 

n^ue ia not miticible witli water, no white fumes are produced 

jltlmjtting osigen gas. 

i«TioKALe...Here we are taught that the affinig' of phospbo* 
T the oxigen of gazeous oxid of nitrogen, is stronger 
U 



tla^l 




bo tnade lo hum with > beiutiful whitP flame mrrmindu] 
onCf aoii dcme wliitc vapour* of eotUI of tine will lill 

EXPEIIIMENT XIV. 

ision of pyrijipharus in gaxeoua oxid ii/^ni&ogen. 

DTtis, which Tcatfi)/ intlaaiDi in oitnmd §.19 (as we hav* 
te, cxpeTimcM VIII. p. 285,) and in utmonplieric air at 
[leraturc, requires for its combustiaa in uitioua usid, a 
Iter degr« of (teat, II will not bum ill il e»on at 212". 
3 inflame pyrcfbonn in gazeous oxiiiof aitrogen over 
he wire must be atron^ly Seated, but nut ignitt^d. Tbs 
) the^i takcii lire, and burns with a splendid white 
Ay resembling that produced in oxigcn gns. 

INFERENCES. 

e preceding experiments it bficocnn crritlmt th^t the 
le bodies ill general require far thcii' cambuBlirm in 
[id o£ nitrogen, rauch higher tcmpi^rature* than ihose 
ley hum io oxig;eD gas or atmospbRric air. Wfacu ia- 
ited, they decompose it with tlie production of much 
jht, and become otigenated. During the combustion 
fluid bodies producing flame in it, nitric acid la gene- 
that probably from a new arrangement of principles 
to those stated before. Likewise when gazcous oxid 
I in excess ia decomposed by inliammable gates, ui- 
and aometimes a gaa aiialogiius to common air is pro- 
ibtlesB from the same eaune. 

Ni is the only body that inflames in gaxeous oxid of 
slow the temperature of ignition, 
nu burns in it with a blue flame, probably forming 
f phosphoroua acid a little above a dull red heat ) but 
wi more intensely, phmplioric acid is produced. 
U 3 
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AMMONIA, 



' AMMONIACAL GAS. 



PART XXVII. 



I HIS gu was first discovered by Dr. Pfiestle/. It ii corn- 
Sped of bidrogen ami nitrogen rendered gazeous by the addition . 
{caloric. ^^H 

PROPERTIES OF AMMONIA. ^H 

a gas bas a strong and i-ery pnngent odour. It ex- 
(lishes flame, yet it increases the magnitude of the flame of a 
r before extinction, producing a pale jellow colour round its 
Animals cannot breathe it without death ensuing. It is 
j^ter than atmospheric air, in the proportion of three to five. 
Ptinges yellow vegetable colours brown, and blue ones green. 
I rapidly absorbed by cold water; by ardent spirit, essential 
If ether, charcoal, sponge, bit^ of linen cloth, and alt | 
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Wbcn a piece of ice is brtmgbt in caotact with tlib gU/' 
lU and absacbi the gss, while at the same time its tctDpeta- 
cliitiinii>Ue<!. It has no effect mion oxjgcn gaa while cdi} 
K when mnde to pass with it ihtou^ aa IgDited tube, it delo- 
nnd becomes decomposed. The same is tlie case with 
lir. It is also decomposed by phospiiorus at high ton- 
'lieraturcs. 

It does not explode when raised with hidragen ga=. Mitrogen 
gas has no effect upon it. AlBionpheric air d6es not combine 
with it at common lenopcraturea, but only mises with and dilutes 
it. When madt to pass through iguited charcoal it fnrms with it 
a substance called prussic acid. If brought into contact with 
iflcid gases, both gases lose llitir gazeous form and become con- 
ite. It has no senitible action on earths or on the naHno-terrene 
ibitances. It combines readily with acids, and unites to £U]> 
(illUr when both are in a state of vapour. It reduces osids 0|f 
metals to their meiallie ilate, and is decomposed by ihcm. It 
is also decomposed by electrization and by oxigenaled muriatic 
acid gas, He. When exposed lo the temperature of — 4'?' it 
crystallizes, and when suddenly cooled down to — & 
a gelatinous appearance, and has scarcely any odour.* 

I METHODS OF OBTAINING AMMONIA. 

1. Mix together equal quantities of muriate of atnmooii 
quick-lime, separately powdered i inti'oduce thern into a 
boli'e or retort, apply the heat of a lamp, and receive I 

Ratjonalb... Muriate of ammonia consists of e 
and amnioniiij on adding lirne to it a decompositioD ta)Ces.|i 
the muriatic acid quits the ammonia and unites to the li 
order loform imuiate of liinc which remains in therctOrt,l 
the ammonia flies nff in the state of gas. 
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Btil*BX...In order lo abuia the gas in a state of {mcit^, I 
««eiitially nece&saiy tbst a considuruble i]U3ntity of tfif gaa £ 
Aici^agfd, be tuffcrcJ lo csctipe, oa account of tlte c 
oodtaiDed in the tli^tUUng vejsci, and in the intcreticea of the if 
gre<yems. 

1. Ammonia may Utuiwbe be obtained b^ heating the Ilo 
ammonia of the sluipa (watrr of pure amtntmia, / 
in a retort plnccd in conununicalioo wiih the mtTcuria] paeiu 
0c Iioogb. 

B AXIOM ALE. ..The lunmonia contained in this liquid ci 
Titb caloric, asmoica the forai of ainmouiacal gas, and parts wilJi 
the water tu whidi it was united. 

BeMAttR...Thr; tcmpemture of the fluid muat not be carried ao 
high as to cause the water to he couverted into vapour, or, if this 
(3iuiot well be avoided, a aniall vl-sscI should be interposed be- 
I 'tweca ibe retort and the receiver which when kept coo] may 
mare to coodttise the aqueous vapour which is formed and caiut 
Hie fitamouiacal gas to paw in a very pure and div state. 

Ajiuiiotiia tu likewite produced duiing the spontgoeoos decom* 
CKwilion of nnimBl and vegetable substancesj in tbc-se casci it did 
aoi pn^-esist in them ready formed, but is generated by tbt 
lUuim of the Itldrogoi And nitrogen contained ia them. 



PROOF'S OF THE psofcsiiea o 



Ircccivcr, and eapoiiog ii Id \hc aclioa of die gas. The 6 
a become brown aad the latter green. 
Tfae Miae e&xi may be produced by holding (>te papoqtg 
ttle filled with water impregnated w 
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ia^Tradily utiilt and Jbr 
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Fill n Tcssel with caAonic acid gas orcr merCTiiy, and add m 
; a wliite vapour will iostsntly bf forrafXt lieat bwor 
BvoSved, ihf gasca disappear, and carbonate of snomonia a 
■I th^; inside of the vessel. 



Exi-Ei 



r vn. 



n'ta Ifcnmes decawpascd l-y oxigenattd muriatic acid gat, 
at eommtm htnptraturfi. 

Mix in 3 receiver over merciuy two parts of oxigenatcid'i 

jriMic add gas wilh one part by measure of amtUDub. Wlii 

I tbrse two bodies come in contact, a brisk detonation is pnntilH 

Diiicd with a yellowish light ; ihe two gates decrease 1 

[ volume, and there is formed a portion of solid matter (murMI 

Jpf ammL.nla) which adheres tu the sides of the vessel, T^ 

s which remains haa no odour like animoniai nor colunr h 

: acid gas. It is not dissolved in water, nor does il nu| 

taia combustion; it is therefore ciirogen gas. In the bottom ( 

the vessel there is found a elear and transparent liquid, whklii 

water holding a certain quantity of tlie mm iatc of anno oait)! 

tioluiion. 

RATioMALE.xAmmonia consists of nitro^n aodht^ 
n caloric. OsigenaLed muriatic ecid gas coosUtd 
»atic acid, oxigeo and calotic. Oti bringing thf-se two B 
Eontacl a reciprocal decompoiUion takef place. The < 



F THE rBOrBKTtll OP 1 



sia- 



d muriatic acid gas combines witli the Iildix^ea of 
Rnunonia and forms w^tcr -, while tbc nitrogen, the other 
it part of the amiooma, becomes disengaged. The os- 
^satcd oiutialic acil! gas Iwviug lost iv> oxigcn becomes con- 
O llmple muiiatic acid gas, part of it unites to part a 
>nia, (which io this eKperimeot is present iii too largeii 
y to be wlu'lly dccontposed) and forms with it ro 

*Tbf. explosion, beat, and light originate iioai ilie ]j 
i caloric which kept (he gases in their iierifurm state. 

i snuUcr portion of ammonia is added to I 
B qnsnlity of oxigcnatcd muriatic acid gas, ita dccfimpogit 
I^ complete, and no muriate of aninvitiia be produced. ' 
n are only muriatic acUl and water. 
le facts may be shown lA the following manni 



EiPEBiMEST vin. 

F|!l four-6Hhs of a long glass tube with strong ougcna 

iatic acid, and llie remaining fifth with water strongly 1 

r jwpgnaiPvi witli ammonia, and invert it in a saucer of u-ater^ 

lia on account of its li^tness will pass through I 

, oij(;cii;ii;ri; muriatic acid, but by thus passing a strong rffiirr 

^jnooe i' produced, the clastic fluid by which it is occasiow 

(self in llie upper part of the tube, and a portion 

f JD the vessel. The gas i^isetigaged will be fuund t( 



;oTlA^B...The explanation of tbis csperimetit 'n analogoil 



to/ ammonia ly riieans of blatk oxid ^ nengOHtm 
at a high ttwperature, 

a be Riaile to pass over pounded black oxid of nun- 
B^cwq^ to a red heat id a Wedgwood's tube, connected, \if 



I aiS rmoan or me rasramtft or ^antmnt. 



1 



I fDOUU of taoiher tube. wil!i an anjKjr betile immened 
I water Of ice. slwniLuice of red npoon will soaa be produce^ 
1 im) time wQI br lucowideJ by wbHe oou, cnndentiug in 
txiltic huo a bright trantpsnm flud, which hM a [mogeoi 
litW- odour. If ihiii liipad be dklilkd lo drjiteMt by a gPMJe 1 
the product will be water. The mMlue in the retort ti of 4 
I while colour, tt fiuei in the fire. itelauatKs on igoited cnallj 
I cud producGt viponrs of nilric aciJ by ihc eflasion of 9ul[Aii4 
I Bciii; or ammonia Fhcn ratnrated with linte. It is therdbt* 
I Inle nf nrnnrtnia. The black oxid of tmnggncsc luts diangeit M 
I rolouri IxLing; tumedloapale brown, and iwlDE^rgirvsos^ 
I gnH \>y tlie iidilitLua of heat. 

H»Tif't<At.R...In thi»eapcrimerht the hidrogeii of the 

ila uulCCJi in pan of the oxigen given out by the black osldol 

I iDflngaueve and fornu water. Tlie nitrogen of tlie 

luniic) to anoiber par' of the oxig^n and produces nitric acid, tU 

Ijoltift lo a quantity of underompuncil ammonia and foniu tutnM 



EXI-BBIMENT X. 

Decomposilion oJamrnQma ly M'lnzattim, 

piMT tiii« purpose tiike a detonating tube, aiimil into il 

cubic inch uf ;tminoniii, onA pass thi'ough it a buccciS 

trie ditchargeti. Wtieii about 200 strong shocks have I 

tike gait it will have increused to three times 

On HdmiTtiug a small quantity of wMer the gas wiT! not |^ 

be completely absorbed by this fluid, but a pan \rill4 

I Hritce il nppcnrit thai iJie gns haa undergone a decom 

» C-xmnination it will be found that the ehcmical'^ 

Itbc liiilrogpii and niln>geo bait Uccu bruken, and tbat I 

e only mecliiMiically mixed. 



PART XXVIII. 



AL philosopliCTS have paid allention to tlie propertiei 
1 and Its oombiuations -, but Berihotkt was the t 

II att-uralR account of it, which Fourcroy and 
1, have lately investigated still mure completely. Theig 
|[of whidi we have made use) i* instried id tiie Annates d 
li n. 5-t, and copied into Nicholson's Jriiirnat, vol. 



e seen before, p. Iflp, that when sulphur is united ti 

Itfeiins an add. Wheu the quantity of oitigen is sufli- 

nate a j,iwen quantify of sulphur completely, the 

&ii.pwfect aciii called sulphuric acid. We shall now see 

K less <]iiantity of oxlgen is made use of, the result is 

t acid, capable of taking the gazeous state. To 1 



qI>vlouB from litis, that lulphu 



lurie acid, as phosphorous acid has to the phaa 
Rwud. At least this gas occupies the middle place betwei 
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ItOOi at OBTXIKIHO auLTIIOaSOL'J ACID o\a. 



t C3SCf corobinc and sulplitiric aciit U iDmifd. 
I inlu water cookd down to ihc f/ecaitig point, ihc unuH 
|ii.-r«r rapid- Wntet cooled to 40 drgrees absorbs one tliird p 

?e'(ghl of sulpliureoua acid gas. It speedily in 

ItTater salurated with it may be IVimmi vlihcm pariiug with i 

»j bur whrn water whith lias been jaiurated wilJi it, is ex.-ti 

led tohtrji, ic h fined witli a vast nninbrr of bubbles whidii!] 

iftually increase and rise to tlae siirf3« ; these bubbles a 

^3 sep.iraling from it. It is absorbed by oil, ether, and m 

Bite acid, ihe latter when saturated witli it aeqiiires the pft) 

Y of (tnoking when exposed to .lir ; its cqjour is altered tfl-j^ 
IjlowUh lii'owii, and its odour is penetrating like that of tl 
lie acid thus saturated -with the gas is expos 
V the freezing i«iiiil, it congeals or freezes Into ft 
'.-3. The same hoppeni when submitted to diatilJl 
I (inlpcwcs nitric and oxigcaated muriatic acid, aiid 
■pilot. Sulphureous arid gas and hidrogcn gas have 
, Ti eacli other at common temperatures, but if they 
'lirough an ignited tube, a deeoraposition is effecle^ • 
likewise decomposes sulphureous acid gaa ai 
ifc, Mongc and Ciouet affirm that by extreme arllfi 
III] a strong pressure exerted at the same timcj thq 
sulphureous acid gJS fluid. 



[ETHODS OF OBTAINING SULPHUREOUS 
ACID GAS. 

Cite one part of mercury and four of concentrated stJ<. 
li'Bcidj put them into a glass retort cimuected wiih the 
D quicksilver- trough and apply the heat of a lamp to 
it boils. On continuing the heal after the mcr>r^ 
been acted upon, sulphurcons acid gas will be obtain 



KtOf<JU.S...In this case a partial decomposition of the si 
b4»d takes place. The mercury sbiitracts part of iti 



EXPERIMENT.\L PEOOFS 



t FROPKHTIES OF SULPHUREOUS AOD GAS. 



'^phmo«s odd gas u ktmiitr ihatt atmotpkfrte nirj 
and will not mainlain cimiustion. 

S may be shown by (dipping a ligbied caudle maojr ti 
•df into » jar filled with this gaj. The candle will b^ 
4 every time, (hough the jar filled with it, contiaur* 



EsPBSiUEtJT n. 

Sulphureous add gas is rapidly alsorled hy water. 



D a rrlinder with the gas over mercury, and send up into 
B wBter. The gas will instantly become tUmihished, 
Kinercurjr will rise up in the vessd. 

c abftoryion of this gas may likewise be shown by dipping 
k of die retort, in which it is diseogaged, into a baton of 
Iter. 
tBfluix...The combination of sulphureous acid gos 
ff cooled artiiicially, takes place with Eoch rapidity thst a 
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it a tnutture of ihiec parts of bidrogen gas and one of si 
s acid gas, through a Wedgwood's tube in a state of igt 
ulpborAted hidrogMi gas will be evolved, and Bulpbur deponted 
Km Uie eKtiemity of the tabe, opposite to that through wbkh llie 
gas is made to pass, 

RATioBAi,i!.,.Part of the hidrogen at such a tetnperatun 
unites lo the oxigeu of the Bnlphmcous acid gas to form water, 
the sulphur is coDsc<]aenlly kA imcombined ; another pait (m 
at least the cscess) of the hidrogen dissokes a portion of the tuf- 
phoi and becomes converted into sulphurated hidrogen gas. 
. RBM4KK...The two last esperitncnls aie well calculated W 
demonstrate the nature of suiphureous atid gaa. In the first it 
became changed into sulphuric acid by tlje addition of oxigeit 
at a high temperature. Iq the other, hidrogen gas decotnpoMi' 
the sulphureous acid gas, at the same temperature, by taking 

ibam it that portion of (^igen which kept it aci^, and 
phur is disengaged. • 



FoTmalion of sulphate of ammonia ly mingling sulpAurm, 
gas and ammoniacal gas. 



Let sulphureous acid gas be mixed with ammoniaicitl 
mercury, a beautiful white cloud will be formed by 
hinntion, heat is ltberati;d and both gases gradually •■ 
•olid state, forming sulphate of ammonia, tf the 
been pure the mercury rises ahnosl to the top of the 
If the sulphureous acid gas be presented to the 
gas the [^ud is formt^d at the bottom, and gradually tisea to tlw 
top i but if the ammoniacal gas be poured in last, the cloud 
immediately to the top. These consequences naturally TCdoM 
from the ammoniacal gas being the lightest, 

R*TiosALE...Thc white cloud formed in this experiment il 
wlphate of ammonia, which originates from the strong attiactloa 



SaTESMous stale beiug set ft" pwducci Uio hcat , 
tt 6li uubn. 



BirEKIUBXT VIII. 

hrie add laturatedifilh su!phitreous acid gas 

cmcnte/orm. 






1 snlplmreou! acid gas is oiade to pass Into sulpJiurle aciS' 

ly a frigorifie mixture, tlic gas 19 for a considerablr time 

d by the acid, which at last acquires a solid form. Tig 

^ add has iici very perceptible odour. If part of il he-, laid 

Ml a plate of glass It exhibits an effervea«ncR like that occa- 

aed hy the decomposition of carbonate of limt; by the aausioQ 

tf 8 weak acid. It soon afterwards becomes liquid and nn 

Oixaaaa. 

aBMAHK...We have therefore a concrete salphuric acid fonued 
"1^ die addiiion of sulphureous acid gas. Nitroas gas u also said 



topouess ijic same property. Ttiere is no dcnibt but Uiat other 
laioned by other gases wiU be disco- 



leie modifications c 
d hereafter. 



Decomposition of sulphur 



:i acid gas by charcoal. 



Hen sulphureaus acid gas re passed through a tube conealning 
d charcoal, carbonic acid gas and sulphurated hidregcn gsi 
*tidDed, and the inner surface of the tube is lined with suN 



4 



.K...Tbe chM'coal at the tempo'aturc 

gen from the sulphureous acid gas and 

X 3 



s of ignition 

forma with it I 



SPLPHtniEOUS ACID G*l. 

cartonic acid gas ; the aulphut iherefore becomes pre^ltated. 
Tlic aniphurated hidrogeo gas ariaes from a portion of water 
cooUiaed ia the charcoal. 



^ 



DefimposHion of sulphuTfous addgas Iry muriate o/ tin. 

Fill a cylindca- with sulphureous acid gas, and pass up into 
it some frak prepared concentrated muriate of tin,- the vw 
lume of the gas will soon become diminished aod gulphnr be 
deposited. 

IlATioMALt!...The muriatcd osid of tin rob; the sulphureous 
acid gas of its oxigen, and becomes converted into osigenated 
tnuilate of tin, and the sulphur deprived of its oxigcn ia depo- 
sited. 



ruanvTlEi or : 



MimiLVTIC ACIE) GAS. 



PART XXIX. 



K liati^' of tliis ^33 Is still nnknown. The prfi 
p has Dot been even deinoustrated in it, and it is cnly b^ 
y that we taay venture to suppose it iiisti'umcBtal in tl 

PROPERTIES OF MURIATIC ACID CAS. 



^tic icid gas has a very pungent and ^urTocatiug odours. I 
1 excites coughing. It is readily absorbed bj water, bj>J 
It spirit, ether, fat and eeseatial oik, melted wax, pbosplu 
^ai)d,in!Uiy other bodies. It is a troe acid. It sufli^caUi 
:, aad is 80 very caustic ss to excoriate the etcin. 
shei a lighted taper, the flame of which becomes green, i 
w, light b}ue, at the upper part of its disk. Light kis ii 
Supon it. Caloric rarefies it. It b heavier than commoa 1 
f Tie specific gravity of the former is to that of the latter 41 J 
X * 



IP 



R 



il» MvmoDt or oirAlKiKO mviia^tic «ein auM 

1 .7JO to 1 ,000. When broushl into cootact with ai 

sir, CI oxigen gas, it foiaa a white doud. Ice ia n 

epccdily at if .thrown into Uie fire. It oaiics Ic 

Tcnc subatancca, nnd toma with tiiem oew cot 

no iiclion on siliceous eanhg. It coinbiDU vith aloe 

magnesia. It nbjorbi oxigen, when in the stale of gat, GccUTiS 

thongh tUece ate melhcxla of unitiag tbem readily. 

cal ga§ be mixed with it and heat applied, bolh gates Itae tbe^I 

gaseom form is a mimient, and aie tianxfomicd to a cdociltfrl 

Mil. Carbonic acid gas, nitrogen gas, gazcous oxid of ni 

Bidphnraicd liidrogen gas, and caibonaied bidrogrn gas hart M^ I 

action upon it. It has never been found in ; ' 

nature. When ckttric explosiona are made to pass tbm^gki^^ 

its bulk 15 dimiaiahed and hidrogen gas ia evolved. 

changes are owing to a <tnanticy of water ennuined in Clie^ 

and rca^c when it is deprived of moisture, as has been i 

by Mr. Htnry* 

METHODS OF OBTAINING MURIATIC ACID ^ 

1 . Mnrialic acid giia raay be obtained by decomposing tt 
f eT^dda by means of sulphuric acid. For this purpose, [ 
f a tubuiaifd retort two parts of very dry n 
r poor on i[ gradually one part of concentrated sulphuric : 
L violent aciitin Likes pbi^e and muriatic acid gas bee 
■ bemted,' which must be collected over mercuiy in the f 
[numner. 

BATt6NAtB„.The sulphuric acid has a greater aiEni^ fi 
Itoda, ihnn tlie muriatic acid has, it therefore unites to il 
llbrmi sulphate of soda. The muriatic acid being liberated,^ 
Kflsc gazeoua form, and appears aa muriatic acid gas. 

B£ii«KE->As this decomposition taken pbce very rapid 
ie not necesnary to apply heat, until the disengagement eljl 

■ Kicbdue'i Jninnl, vol, iV. p: loi). 



wmnoOiCT OITAIKINC HrriA,TIC ACID CAS. 

I begiiu to slacken, after which the furlhet extricstion ma; be 
d by the heat of a lamp. 
', ' Muriabc acid gas may likewiae be obtained by expellmg it 
a iti combination with water. 
3R)r this purpose put concentrated muriatic acid into 2 retort, 
lUerM the beak of it under a receiver placed in a memu'ial 
BHinalic trough, and tilled with that metal. On exposing the 
d to a gentle heat muriatic acid gas will be obtained. If Iho 
u be very rarefuUy managed nothing but water renuina io 
S reloit. 

.3, Muriatic acid gas is likewise produced by putting anj- 
Mitily of liquid muriatic acid into a long glass tube, and adding 
V U about one-third or one-fuurth by measure of concentrated 
ibnric acid. A violent effcn.'cscence takes place, and the 
e tube becomes filled with dense white vapours, which ate 
cid gas, condensed again by means of the moisture in 
B stmtwphcre. He sulphuric acid added to the muriatic add 
(Wives tlic latter of part of its water, a combination and penc- 
il of the two liquids take place, and caloric is evolved, 
DDtifbuting to render the gas aerilbrm, which is thus forced to ' 



.Tlua experiment proves that the atBnity of sulphur 
is greater than that of muriatic acid. 



: acid for 



rkaopi or rsa waotnrtn or 



EXPHEIMENTAL PROOFS 



PltOPEflTIES OF MURIATIC ^tD Q^S", 



Muriatic acid gas it readily absorled ly water. 

E ILL a receiver with muristjc acid gasj and ii)ln 
a Uttle water, the gas will speedily be absorbed, a 
elhiliit all the properties of muriutic add. 

The absorptioQ may also be shown by disengaging theM 
retort and dipping the neck into a bason of w 
pass into a receiver moistened with a small quantity of'W 
fluid. - — ^ .^^^. -. . 

Rem ABK... Water when charged as highly a*! possible i 
Bthis gas forms the ordinary muriatic .icld in a liquid state. Ten { 
» of water are capable of abaorbing 10 grains of ite gai. 
lC solution thus obtiiined occupies the space of !3. 3 of« 
arly. Water heatcdabsorbsit wilh diflicully. Tb«a 
X the more it absorbs. 



Muriatic arid gas melll «■* spee^ly. 

I «tperlment may be shown by passing the current of 
c Kid gB» as it h ilisengnged, into a vessel filled with ice 
imall pieces, 'lite ice will mdt as rapidly as 

nOHitB...'nie rapid Irquefnctron depends on tile Vast qiian«fl 
||f ceknic which h evolved by tlie ga* -w^n teturfiJag (rOSlV 
a ia&c liquid slate, -wbidl beCOtfies abaotted by iU^ 



I brought into contact wilk tttr fan 
tfhite eloudi. 



ffiDBrM.B...The vapours arn occasioned by the n 

o which the muriatic acid gas unites in tffder to becdte 
ted into liquid murialic acid, abandoning at tile sdme t^ 
jnblned c:»Ioric, which becoming free proddceS the lieat.' 
...The more humid the air the dcnstr the Vij* 
n presenting muriatic acid gas to if, and for tMt re4s6n H 
J produced on the smiimits of mountains or other places^ 
r is very dry, 

is production of wliif e vapour is tfiSf^om sure sign of the 
ifityoftheair. 



If muriatic acid ^ and ammonia be min 
cylinder over mercury, che mbtturc become 
and a white cloud i> formed. The mercury ri 
ammonia will be formed^ which crystallizes < 
face of the receiver, during the subsiding of 
If the two gjses die veri- pure and perfectly dr 
disappear :ind the disengagement of caloric is i 

Ration A LE-..'1'he production of the muri 

owing to the attraction of the bases of the 

other being greater than that of the caloric w 

the g:rzcou:> <tate : they therefore abandon the 

I funii 3 solid combination called muriate of am 

Experiment V. 

AluriaUc acid gas extin^uuhes the flame oflu 
LHlari^ing it hj the addition of a green or kli 
flume. 

If a lighted taper be let down into a receiver i 

acid gas the flame will be extinguished} but b 

i^;. . . it will be enlarged by a green or bluish circum 



MOBHATSD WVkllTIC ACID ««t. 



OXIGENATED 
BfimiATIC ACID GAS. 



PART XXX. 



' HEN the inQriatic acid gas before- mentioned j becomet 
ned with a certain quantity of oxigen, the result is aa ex- 
£ gazeous fluid ta which chemists have given the name of 
d muriatic acid gas, 

PEOPERTIES OP OXIGENATED MURIATIC 
ACID GAS. 

iugeDBted cnuriaiic acid gas possesses an nncommonly puu* 
d suffocating odour. It is absolutely and in every respect 
k>recpirable ;' animals immersed in it die instantly. 
Wliable by water, and forma with it what is called Itqidi 
iriatic acid. 'When water is saturated with it, I 
,d crystallizes at low temperatures. Oiigenated murintic 
it invisible, but has a yellow-gTeaiiih colnur. It ii 
able ot^iaintaining aod esdting combustion In many casei. 




htM 



McntoiM oe o«taurixe 



PhOfphofOf, cliairoal, ted siilplinrei of mcmiiy, sulpfanivt 
imtimony, b'uimutli, iron, zinc, coppw, gold, uictuc, cobtit, 
(ID, lead, anil acvcm) otlicr combajiiiblL' bodies take Crc 
' tiDcoml; when tAlTOdoccd into it- U is hiaavier tlian ntmoni^ 
§nc nir. It wmkcns and reddciM the flame of a taper, but . 
It extiiiguitli it. It decomposes ammonia. It thickeu* fat 
Fit dctouatn witli Itidmgen gas. Nitrons gns immciUatd]: 
I duces > cloud uf reddMb vapour with il. It U likewise 
I posed by nulpburaied, phusphorated £ind carbomlcd liiJroga 
I gflsts . It la not altomd hy e^tpoMirc to light, and passr 
Fed through an igniieil porcriain tnlw. It discoburs ^tafis 
EtotaUy destroys most uf. the vegelabic colours, rendering tj 
pvrhile. It also bieadies yellow was, kc. 

METHODS OF OBTAINING OXIGENATED MURUTIC 
ACID GAS. 

1 . Put into a retort one part of powdered black oxid of 
Pganesc and three or four of coneenbated muriatic acid, oannMt 
flie retort witji the pneumatic trough and receive the gil> atwr 
"^•aier'" in the usual maimer. When no more gas it libentol 
upply the heat of a lamp, and gas wlU be produced abandaadjT/ 
which may be kept in holtles wiih ground glass stepper*. 

Rati ON ALB... The oiid of manganese yields up part of itsox- 
igen to part of the muriatic acid, ■which becomes converted iDUf 
oxigenated muriatic acid gas ; the'osid of mangauesc being UuH 
partly de-oxidated is dissolved in the remaining cfuanli^ of the 
murmtic acid, which remains behind in Ihe retort ss oiuriata of 
mangancse- 
BEMARK...The retort containing the tnlxMre shonld not be 
d above one-third, for the mixture on the application of h«at> 
iwells and is otherwise very apt to be forced over into the neck 
jf the retort. 



• Though mciTMTj il pncrsUy m 






OliaRXASBD KUKUTfC «CtO 0*5. 






|;Os3geDatcd muriatic acid gas iriny likewUc be obtalof 
■ditect manner by di^iromposing niuriute of soda In 
I Mads OKid of manganegc. For tJiat purpose mix Right 
iCigbt, of muriate of atKla w-itli ihrpe of powdered oxid' 

, pui ilic miKtUTv into a tubulated retort, and pour 
i k gradunllr four pans of sulphuric acid, dilutcil previously, 
llltree of water, and which has been suifercd to cool 

Oq applying a geutle heal, gas will be product 

LT»itALB...In this operation llie sulphuric acid acts oai] 
laic of soda, to the base of which it unites ; ij 

d by tbis union, attacks tl^ oxid of manganese; ooed 
i coRjbinea with the oiigen snU another with the oxid bra< 
■ Bearer (o the metallic statr, and the result is sulphate of sodafl 
nBuriatc of luaiiganese, which remain in the distilling vessel j'fl 
I oKigaia'ed muriatic aiid, which passes in the state of gas «l Q 
a temperatures. 
Vi(fRBVtuKs...Io preparing thi; gas great care shotild be.b 
|LiliX:!i not escape into the apaitnieat in any considflrf 
; a$, it acts violently on the pituitous membrane, c 
I delusion of the brain, blunts ilie seneea of emell | 
I head-achd aud proves extremely \ajat 



1 sacrifice in attempting to breathe 
1 the consequence which piorcd fatal. 

a is the remedy best calculated to check it 
P#cctdentally set at liberty ill places where it 

iS'Water which adheres to the Inner side of the vessel S 
luriatic arid gas, erjratalliies in the fon 
r,»pangles, if tlie temperaiurff is ncsr the freezing p 
K Bonalderable quantity of gas be thus condensed, care tt 
keb (d keep it at a low temperature, for as iooii as the H 
Dreiiraieed, it expands, and cndangets the'burWingol 



OXIORKATBD UCKIaXIC ACtD BAI. 

.■...Tbn effect can be a-icribrd only [o the ab 
tgen. This gas which coDtiint it in ckccss, glvet 
iti *liicli vegetable substances absorb with avidity 
sbsorption lose (heir colour : the oxigenatcd moriatic add 

becomes converted info corammi rauriaiic acid gas. 

iSK...It is this property which induced a new roetliod of 

which has proved complclcly successful. The ad< 

which result from thJs application of Uic oxigeudted 

i add, either in the gazeous or the hqnid state have 

a the process of whitening thrt^ad, cottua, linen, wax^ 

really surprising degree, in every season of the year, 

be justly appreciated by commercial people only, wboi 

ce its beneficial effects from the quick circulation d 

litals. 



Ekp 



111. 



iitg of iinm, calico, (St. ly oxigmated 



end some unbteacbed calici 
jar filled Willi oxigcnaied 
of the stuff will soon b<^ 



linen moistened wii 

ncid gas. The oatura 
fade, and at last totaltj 



eoloored patterns of calico or printed cotton be i 
for a few minutes into the gas, their colours will soon 
except those which are ydlow. 



EXPEB.MENT IV. 

Oxigenated muriatic acidgas supports fiame. 

BOgh oiigcnatcd muriatic acid gas is exceedingly noxious 

* ■'-es not extinguish combustion. 

itning taper affixed to a wire be immersed in it, th 
IS of a red colour and more vividly than in atmosphcd 
at quantity of smoke is emitted at the same tirne. 



IMaTKU Ul'BIATtC ACtS ttAt, 



Eni-EKIMeMT %1. 



eifnitut:d oili at the mrjace of antler, % oxigmaltd 
muriaiic acid gas. 

?nt into a glass cylinder one part of oiigenated muriate of 
ash; Slid lo it tliree or four of water, and ba]f a part of oil of 
It of linseed. On adding to it four or five pans of con- 
ntcd sulphuric add, a violent action takes place, much char- 
d. becomes deposited, and a mnltitude of ignited sparks pasi 
[iHgh the bkck fluid, exhibiting a beautiful phenomenon. On 
vai% an addiilonal quantity of oxigenated muriate of potash and 
pburic acid, the whole mass takes fire and bums with a dense 
^ow flRmc. 

EXPEH.MBNT XU. ^^ 

I of phosphorus in oxi^enated murintk acid gas, ufl^^H 
the surface of water. ^^ 

[tCt £)ll into a wine-glass, or rather into a long cylinder, two- 
Is filled with water, one part of phosphorus, and two of ex- 
isted miuiate of potash. On adding |0 this mixture three or 
r parts of sulphuritr or nitric acid, die phosphorus takes fire, 
^ btuni vividly under Ihe surface of the fluid: on agitating the 
gttnre, streams of Ignited sparks pass through the water rapidly. 
IBM A BK... This and the two preceding experiments require 
bttou. Tlie operator ought to be distant during iJic allusion of 
fcscids, or the addition of the conlbusiible body, which are 
« thrown out of the veajel to a eonsiderablo distance. 



ExpfiamENT XIII. 

Jfitrons gas and oxigfnatcd rnariatic add gas, readily 
and produce nilrit-munatic acid. 

1 may be shown by sending lip into a receiver filled wllk 

^nated muriatic acid gas, bubbles of nitrous gas j the njixtUB 

V 3 
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VVAfBITIX Qt 



FLUORIC ACm GAS. 



PART XXXI. 



Droposilion, or tbe radii;^ of tluoric aciA ^ ii e 

: no ex]>eruiien[s biVF yrl been luidc by which 
exhibited. It is merely from general infercDce, that 
'ooojccmtc it to copsist of a simple actdifiable fami* 

PBOPEHTIES OF FLUORIC ACID GAS. 

lit remarkable properly trf tbis gas, is its power of d 
,, and keeping it suspended in tlie g:izcoui stale i 
dixsalvCB glass, crystals and various precious slanw. 
Ihaci atmospheric air. It docs not mnintaia combustion, 
imals breathe iL It is absorbed by water and luniu 
|uid tiaoricacid. It has a penetrating odonr, spproocb- 
tbat of muriatic acid gas. It corrodes aniniBl m 
Lers. Light has no effect upon it. It emits wbiw 
contact with moist atmoDpheiicair. It li very Miiir ami 
rcddciu blue vegemble cplonis. It precipitates Umc 
Y 4 



Willi aDiinonia U uaites and forms a eaacrett body. 
I aaiaa upon pbtina, gold, ailver, roercary, tin, 
^imoay, cobalt, nickel, or bianuilii but it atiacka^ 
tcnic, and munganesc. 



METHODS OF OBTAINUJG FLUORIC ACID GAS. ' 



ll. Fluoric acid gas may be obtained by decomposing fiuate of 

c (Derbyshire spar) by means of sulphuric acid, 

[ For that purpose, put one part of powdered fluate of lime into 

eadeti or tin rcloft, and pour over it two or three parts ofcon- 

Wtratcd sulphuric acid, A. vblcnt action takes place instantly 

I fluoric acid gas is extricated which most be collected over 

lercury, cilher in J leaden or tin vessel, or in a glass receiver 

livered within with a thick coal of varnish or wax. When no 

x- gas is produced spontaneously, the action of the acid mticl 

e assisted by a gentle heat. 

^/ Rationale. ..Fluate of lime consita of fluoric acid united to 

I on adding sulphuric acid a decomposition takes place. 

sulphuric acid having a greater attraction for the lime than 

! fluoric acid, unites to it and forms sulphate of lime, disen- 

iging at the same time the fluoric acid, which takes the gaietma 

the instant of its extrication and appears under the foifa 

if Huoricacidgas. 

2. Fluoric acid gas may likewise be obtained hom liqt 

c acid, (water impregnated with fluoric acid gas) by fa 



ilPBOOM or rae raopuBTiss op rtvo«ic *cid oas. M4 



EXPERIMENTAL PROOFS 



THE PROPERTIES OF FLUORIC ACiD GAS. 



Fluoric acid gai is aisurlalte ly water. 

"HODUCE into a receiver coaled nitliin with wax, i 

n-ic acid gas, a little water, and agitate it; heaC 
e produced, the gas will vanish, and the mercury rise into 

r be examined, it will be found to possess all the 

s of fluoric acid, it will corrode glass, quartz, and other 

IS substances. If it be esposed to heat, part of the ab- 

is becomes extricated again, but the last portion adheres 

> strongly that the water and the rest of the acid arc voli- 

d if the beat be increased. 



r 11. 



Flmric acid gas exlingiiis/tes light and kills animals. 



> lighled taper be plunged into a vessel hlled with this 
1 instantl/ be extinguished. An animal thrown ii 



to it 

I 



iK...Tlii] art of etching on glass, wliidi is gcnenllf 
of modem date, doei not enttrdy belong to our 
i even to assert tiiat the ancients were altogether ■ 
Dted mth it, would be unjust, ll seems rather tliat 
belongs to the discoveries) which were made in tiioic 
which men were little inclined to transmit an account of 
iDTcntians to postcrilj, and thus may hjve been forgotten 
Schecle discovered tlie fluoric aciJ and re-invented the 
etching on glass, iu 177 1 . But that it was practised a ceo- 
beforc, by a German, whose name was Swanhard, we have 
soured to prove in Nicliobon't Journal for April, 1800. 
Had this person been able to pursue properly the discovery 
OltSch eitlier accident or ingenuity presented to him, he might 
eariched us with an art whicli acquired great reputation to 
hundred years itfter. 



EKl-ESlldBNT V. 



,nhj dh 



i:arth. 



.^ 



This niuy be shown by decomposing filiate of lime in a glass 
reioiTt, and receiving the gas in a vessel filled with water, and 
letting upon mercury. Each bubble of ihc gas which- passes 
llmnigli the mercury into thr, water becomes imniediatelj 
mvclDpcd 10 silesi, and leaves, as it ascends to the surface of 
water, traces in the form of tubes, which frequently ikcrcase 
Id a poLiii upwards, becau^ie the bubble diminislies in propor- 
tion as the water tliagolves it, and the silex is carried off. 

Rati ON ALB... The gas when disengaged in the glass retort 
dkeolves part of the siles of that vessel, which it keeps in an 
■eriform stale. On coming into contact with the water it 
abandoil^ iti caloric and becomes converted into liquid fluoric 
depositing at t!ie aame lime the siliceous earth. 
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THEOEIES 



COMBUSTION. 



PART XXXII. 



lus operations of ehemislry none acts a more 
^ part than combustion i and in proportion to its uti- 
|Kience, the necessit;^ of tlioroughly investigating iU 
clion becomes more obvious to the pliiloso- 
bist. It WHS a conviction of the importance of this 
Bich induced Lavoisier to examine with accuracy the 
a predecessors, and by this pursuit he was enabled 
■[theory of this procesii, which though not absoluteljr 
s such as well entitled its author to the dis- 
I rank he holds among philosophers. And as (hit 
yTtliough capable of improvement, will probably serve for 
(^)d3tion to every discovery which may he made in this 
Bh of the science, we shall state it hfrc with a view that our 
txtl naay be enabled to appreciate its value. 



S50 LAVOlSIBKi TBIOIT Of COUBDSTIOK. 




THBORY OF COMBUSTION. 



jAVOISIER'b theory of combustion is fbuudetl Qponi 
smplioQ of osigen by a combustible body. 

We have seen that bodies cannot burn ia a limited qi 

sir beyood a certain period; (pge 222) that a real 

Hm fluid is eftected; and that combustion is not confini 

decomposition of the atniospheie only, by absorbing one oflS 

prindples; but that it also decomposes oxtgen gas, by absorbiog, 

iiid rendering more or less solid, in tl 

Lbody, the osigen or basis of ihe oxigen gas, and disengagins ^ 

Icolvcnt, the caloric, under the appearance of heal and 

pi^ee page im. 

Taking this for granted, it follows that combustioa is only the 
play of affinity between oxigen, the matter of heat, and a' cbiii- 
bustible body. 

When an incom/^uiri/'/ff body, a brick for instance, is heatei^ 

it undergoes no change except an augmentation of bulk and 

jcrature, and when left to itself il eoou regains its formerstate. 

It when a coml-iuHite body is heated to a certain degree tb tli< 

en air it begins to beconle on a sudden intensely hot, and M 

^ast cmil8_a copious stream of caloric and light lo the Surrouad- 

ing bodies. Dunng this emission the burning body gradifcdljr 

I wastes away. It cither disappeats entirely, or its physical pn»- 



fl 



lAVOU'EKS TBEORT Of COMDPdTIOK. 



"f™ 



m become totilly nltered. The priiicipfll change 
it of being no longer c:tpable of oombiistian. 
^f cither of iJic^c phenomena, namely, the emiss'io: 
^Dd Uyiii. and the waste of substiinG?, be wanting, we do not ^ 
/ \ii^t a bod^ is undergoing combustion, or ihat it is burniugv 
t< '<>'.|riw< therelore that cvtsry ijieory of cotabuslior 
' fallowing facts: < , , 
. .1 bufDiiig.bod/is.coaaugictli and iia iivlindualtq 



. Why. < 
etniited. 



g the pTMgrcis of lliiii alteration, heat apii|fl 
c objeru Lavoisier's theory liaj 



.Hul 



'liic-idation of thcisc 

lUowing law»! 

intion cannot lakn plitcc without ihe presence o 

IS mnre mpid in proiwirtion to Ihe quaoOt^iD^ 
contact with the intlnmtd body. i 

every act of conilristion. the oxigcft preaeot is 
uelgbl of the jwydutt-" of every Uody after .combli 
- with the weight uf the body befutt cotabuiticHi 

'j.figpn o-iniurocd. 

'\igen nb.crbed by Ihe cDmbucltble txidy may 1) 

■ni ihe cmnpiiiuid formed, andi.the wci^l 

< ij to the weight which disappear^ Uuriog theii 



y instance of combnatinn light ai 



t oc'fipi 



'niited quantity «f nyti only a certiiin quantity of t 

body can be hui'nt. 
ii, whf.rein a body liaa been hunttj w reudercdn 
I'lig tOirdiustion, or supporting animal life, 

' \ cry Case of combnsttion itfiuires that light aadfl 
ahoiiM t-T evolved, yet tliiS proems proceeds very dlfiurentO^ 
P-<Bffferent ctreu instances, bence tlie' terms ignUion, or g\i» 
iiifJammation or accension j aoA' deimtalitn gr eicploBia| 



DETOSITIOX. 



39Si 



TJic ullow i( liquefied as it comes into the vicioi^ J 
£(d«tie, 8nili»l)y tlii; npilUty attnctiun of the wick draw 
aaa^y the place of what U decomposed; the unmcltcd j 
f bf thb means Ibnus a kind of cup. 

f eongjcnes of .apiUaty lubes whicli Ibrni the wick is blacky J 
t the, charcoal of ihr. rotton Ixoomes jiredominant. 

nic is detcuded by the flame from uKidatiug 1^,1 

e remains for a considerable time in its natural statojn" 

a the wick by (be continual cuosumption uf tallow be^B 

S IDO long to support Itself in a pcrpeiiiliciilar positiot 

fir, cMjemity projects nearly oat of' the cone of the flame,! 

Iietc tornxi a support for on accumulatiou of aoot, which i|^ 

1 by the imperfect combustion. A candle id this situa>'l 
|0OTtI> scarcely one-tenth of the light it can give, and tallow J 

ccount require continual snuffing. 
i jf the candle be made of was, the wick does not long o 
tiplace in the middle of the flame; its thinness makei ifcfl 
fi aide when its Icngtli i» too great for its vertical pclj 
y ita estremilv comes then into contact with the air, and ii" ' 

»ly burnt or decomposed, except so much of it as is de- 
i by the continual afflux of the melted was. This small 
fe there&re peiforms the office of snuffiog itself. The diffi- 
iisibjlity of wax enables us to use a thinner wick for it. tlian 
p used for tallow which 15 more fusible. But wax being a 
e which contains much more osigeo than tallow or oil, 
Ight It affords is no< 



DETONATION 



:s combustion accompanied with a loud 
tt( it takes place in general when the compound resulting', 
13 occupies less space than 
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^stances did before their 
, and the surrounding aii 
Big the cause of tlie report. 



vacuum is therefore 
11 from all sides tc 



uvaisiBM's THKont oe cokbdixicn. 



igh approaching u> the tnitb, this ex|^natJon i* i 



nly inic. It ii 



It Dicrdy from tbe Dxigra gu being c 



i^mtd thai the caloric i» evolseil, bwausc in raaay cases of e 
AmtioDi the product still esiils ai tbc gaseous state, (see p. I 
^Ja ethers the quantity of caloric eroKed bears no proportiM 
ic degree of condensation. Pbilosopbcrs ascribed this 
p of ea^aaty, for in difiorcDt bodies ilie dUrcTeace i 
n of the capacities belbrc anti after coaibnttloti is by il 
Knnifiirni, and hence the diU'erence ill the qnaotitica of a 
a various cases of coiuiiuslion. 
I' being premised it remaios tu cxplaia die origin of tl 
tutted during combustioit ; for although y^ take it i 
B tlial the caloric is evolved frofli the oxigeu gas, we q 
■at the light lias the same origia. 

■ very probable that light is a constituent part of inflnn* 
jdiesj for it is frcqueotly evolved in combiualious wbo^ 
a is merely trajis/'ernd from one iiiflanunablc sub*t: 
Id those categ it must proceed from the inflamnuibU 
^The acccnsion of oils by the aflusion of acids (page Ij 
iisdoo of metals with sulphur (page 149) futulah intanc 
pinii. 

s therefore probable that the light is derived from tl 
ible substance; and tliat the oxigcn cambiuing with tt 
f these substances disengages the liglit, 
tt of it may alw be derived from the oxigen gas, bat it Is 
y unnecessary to suppose so. 
by be concluded then that light enters into the composi- 
^1 of all combustible bodies, but as we me unable to leparstd 
e Bght so as to obtain these bodies pure we treat of ihem a 
tuple bodies. 

According to this theory the combustion of phosphorus in o%i 
en gas (page ISB) is therefore the etli^ct of a double afliniiyj 
he basis of the oxigeu gas unites with the phosphorus to forni 
aosphoricacid; and the light disengaged from llie phosphoru 
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Lavoisier's theory of combu'stiok. 



together with {lart of that of the oxigen gas^ produces the vivid 
flame. 

The quantity of light emitted by difiFerent bodies is supposed 
to depend on the quantity contained in them^ and on the propor- 
tion in which it is united to caloric. 

Such is the theory of combustion of Lavoisier modi£ed by 
Grcn, Leonliardi^ Richter, and publicly taught in this capital by 
Dr. Crichton. . 

Other teachers consider this theory as a modification of the old 
doctrine of Stahl, saying that light is substituted for phlogiston^ 
but this is a mere verbal conceit which probably only originates 
from the prejudice which the partizans harbour in favour of the 
original theory of Lavoisier. 




iitT OPCOMtBi-no! 



THOMSON'S 
THEORY OF COMBUSTION. 



L HOUGH (he preceding ibeory of combustion i 
Ixautifd, it appears from what we art ngw going to g 
eby no means satisfactory. 

I lias misled chemists by confining ihe term combunion to 

Ksct of oxigccatioD, aod coosidariDg that all bodies, during 

ion, combine with osigen, without at Uicaametiroe 

Cting. tliat tills latter flTect may lake place withoni aay of 

|, phenomena iisnaUy atleadoiit on combustion ^ 

h certainly all combustion pre-supposes the conibinatioa-dj 

^wHh abase, yet this combination maybe, and repeStcdM 

etci where no combuntion cun possibly take plac;. Not 

i be more evident than tlic dtt^.r^ncc which ia numbcrld) 

ices prevails between the act of osigetiatlon In bodies, s 
t of combustion, in as much as Dcither the phenomena at- 
I, nor the results iirising from tlicm are ibe s.'une. That 
fflstlncUon therefore should he made between tlR'se processea 
ms t and it is on lliis account thai Dr, niomsan has of- 
i theory which considers this subject in a new point of 
iw, and which bids f^iir to enible us to estimate llie phuia-j 
>u?tion iiiucl) better than has hillierlo been doc 
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TuojMoNs ra«oB» or cqhbuitiok. 

^^^^ 'o Dr. Tlioni»on'.« thftoiy, aD the bodies c 
iT******^ ■" either. I. Coml-MfiibUs...2. Supportm « 
■ ttcuwltuiillat. 

■ >'«DSTiBLB 80WBK arc ihose subitancej which aw j 

'*™»*o tausuage to f«r». During ihe cxuB^Rsiion they ap- 
^"" ° emu light aiid bcM. and at the same time gradually wa«e 
■«?- Whm this dungc hot reached its maximatn, the pf««3c 
.of CocRbauiqp is ,1 aa end, 

Tlic cUi» of coutbustiblcs is »«iy numerous i but all the 
bodies belonging to ii may be sub-ifivided into three i 
""OKlyi I, Siniptc conibuElibles. 

2. Compunnd combustibles, 

3. Combustible oxids. 
Simple Comhialililet. 

1. SULPHUR, 3. DIAMOND. 

2. PHOSPHOaUS, 4. HIDHOGEN OAg, j 
5. ALL THE METALS. 

Compound dombusiil'le). 

Jllie cvrnpound comhastiblcs consist.of compounds, 

iimpic combustibles uaiiiag together two and two, and I 
yanc much more Dumcrous than the simple combuslJI 

pcy may be arranged under the five following heads : 

1, SULPHURETS, 3. CARBURETS, 

2. PHOSPHURE'R, 4. ALLOYS, 
. SULPHURA'IED, PHOSPHORATED. AND CARBOl? 

ATED HIDROGEN 

^ The comtmstiHe ands are either simple, haviug a single basf , 
f compound, having more than one base. All the jiimpte com- 
Wible bxida, are by combustion converted inio acids. 
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e compouud conibusiiblc oiiili are by far ilic most iiumc- 



i of coMBUSTioK arc bodies which we 
l|«ftfacmsdvc.i, strictly speaking, capable of undergoing com- 
IDon, but which are absolutely necessary for the process; foi 
i combustible body can burn unless some one gr other of them 
Bpresent. Whenever ihey are excloded, combustion ceasu. 
I the supporters of combustion known at present are the £ 
■ B sis : 

1. OXIGEN GAS, 2, AIB. 

3. GAZEOUS OXLD OF NITBOGEN, 

4. NITBOUS GAS, 5. NITRIC ACID, 

6. OXIGENATED MURIATIC ACID. 

■e arc indeed cerLiiu substances besides these, which ^ 
k'DCarly the same properties j these shall be aflervaids e 
Wed under the title oi partial suppotlers. 
■"piey all contain one common principle, namely oxigm. 

. The INCOMBUSTIBLE BODIES are neither capable oftm- 
;oiiig combustion themselves, nor of supporttng the com* 
of ihose bodies that are ; they arc therefore not 
iately connected with combustion. At present we are ac- 
Hited with about 11 incombustible bodies, not reckoning the 
inds whiL'h they arc capable of forming with each other. 



. NITROGEN GAS, 2 THE ALCALIES. 

3 THE EARTHS. 



; of the alcalies and eartlis possess certain properties 
ui)on with combustibles, and ate capable of exhibiting. 
la somewhat analagous to combustion ; which will be 
picribed ailerwards under the title of nemi-eDmltution. 
Z 4 
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l>,i;< .'Kf o; ihf iw.' .■ii.iracK'rislii.' ni 

.v;.'i':;i'iV f.,:"*, hi- Nrcsi t'ullv ^TLpUiinei 
I't' it wr arv in.ic^uJ lo Ijtoiiier, a> mn 

But thi^gh ihf coiiiWonU-.i of die « 
bf J lonit.itu pjrt 01 Ci.'ir.l>usl;pn. yirt t 
ivmbuitibiM bum U no: pr.-;o.-[ionjl to 
lor osigcn. 

rhosphi'rx;*. tor iRfijiv;-. burns morf 
v« ch.at.Ml is c.if.'.b'f ot" jbfirjiiiiig m 
jaJ ol' I'oursr lias ,i gri.U;T .iitiiilr^- tor ir. 
i-.>mbii>iiblc oxiJj t:ikf r.ro nion- naJtly t 
i-oin'.rti-ilMt's ; ihu* cli.iroo.i! burns inon 
tpas^f i;.'^: jliohol. ctht-r. uiid oiU. art 
bk, whorCJj -U u:c niu't:iis iv-iuiii- icry h 
ths supporter U air. 



ins iJ llie w 



rtt^liivlily of criubii- 
.iiliuity by which tli 



jjf'* ratoMt ar couBusTiojf 

Kh.owtng U> lie BSias iiifdriorlly in tUc oilicsioi 

particles, thai some of Uie compouod snppn^ 
l comlxislioo in circumMances when the cumbuiitr 
a not he jcled on by simple supporturs. 

inliaru^ burns in air at tlic c:<iinmon temparan 
it does not burn in oxigen gas. unlena its tcmg 
f (p. l£e). In ox'igeiiated muriatic acid gasj \ 

^rapidly at thi; conwioii lemperature of the al 

^i^a! of the inelaJs ; though tliey cniinut be made tofl 
il eicept at a very high temperature. Thus also oil* B 
mywhen miied with nitrous acid (pagt ig), KitroOi 
I the gaicoua oxid of nitrogen constitute eKceplioDs U 

B. None of the produch of combustion are combustiblfl 

igtothedcfiniiion of combustion here given. Tliisw 
datibility is not owing to their being saturated v 
B ttvOaii of them are capable of eombintiig with ai 

But duriqg this combination no caloric or iiglit i 
V emitted; and the compound formed diflcrs essentially from 
nduct of combustion i for by this additional dose of oxigen 
^product ia converted into a supporter. Hence we tfp thai 
Mfim aught not to I'e confannded u-ilh the comLinailoa ^q. 
yuilk oxigen, as was done! formerly. 

a indeed cannot take place without tins ci 
^gcnj but oKigcn may combine with bodii^s in diffcreati 
s without the phenomena of combustion ) ouU the 1 
K obtained is capable of becoming converted iiilo a npp^A 
'ai/mbustiBit, for instance : If lead be melted, and kept « 

L becomes covered witli a whitn pdlicle, or whit^~ 
fl ^ lead, a product consisting of oxigen and lead ; but if this 
Blite oxjd is suffered to be heated longer, it absoiUs a 
d quantity of oKigeo, and becomes converted into a 



i^p that 
liaa ^^^ 

llie^H 

vpp^M 



r la ibc gaieuiu wJ ef nitiogen ii re^iirsi a iliU higher lempenuure. 



irs. Of course 
prciii:ai of coat 
\: properties as 



ti-Ji which 1 
j"lc osids a 
-nbiair? vrlt 
:? highly di 
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(w. The process thefufure differs essenlidly ftom combuftion. 
ms salphurk acid, a product of combngtion, by combiaiDg 
th aa additional dose of sulphur or ite oxid, \% convertMl iota 
ipkanotts arid, a substance which, from several of its proper- 
u, ihe doctor concludes to .be combustible, Thus also phos- 
rtjric acid, a product of combustion, is capable of tombitiing 
llh pho&phorated bidrogen, and of foriaing phosphorous acid a 
lubusllble body. Wheu this last acid \s heated in contact with 
wamotUr, it undergoes combustion; but it is only the addi- 
4m1 dose of the combustible which bums, and the whole is 
»v«rted into phosphoric acid. Hence we see that it is not the 
t>le Itasis of ibese compaunds which b conibustible, bat tnere- 
ttae additional dose. The compounds, therefore, formed by 
union of a product and combustible, may be termed partial 
litislibles; indicating by the name, that a part only of the i 
» is capable of undergoing combustion. Since the products of ' 
fihnstion are capable of combining with oxigeo, but never c: 
it the plienoraena of combustion except when tliej are in the 
;^ of partial combustibles, combustible bodies must contain a 
Stance which they lose in bmiiing, and to which they o 
iar combustibility; for after they have lost ilj they unite to i 
^ vnlkoul exhibiting the phenomena of combustion. 
diougb the products of combustion are not capable of awpport- 
' combustion, they not unfrcqucntly part with their oxigen just 
»"wpporters do, give it out to combustibles, and convert them 
bi jaraducts i but during this process no heat nor light i; 
i>3ved. Water, for instance, gives out iU oxigen to iroi 
^."TrerlJ il into tlact oxid, a product; and sulphuric acid gives " 
; its oxigen to phosphorus, and converts it into phosphor 
13. Thus we see that the oxigen of products is capable of coi 
' Ving combustibles into products, just as the osigeo of sup- 
■"ters; but during the combination of the last only, are beat J 
Slight emitted, The oxigen of supporten then contains somc-J^ 
vhich the oxigen of products wants. 
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u;' l:.;\\' or.:; ivi niA water wlih iron or zinc tilini 
t:u nui.i' l? o\-J.iu*J. and the hldrcgen gas is e^ 
biMibl'.' .-.- cvtr. Rut no subst.»r:ce, except a com 
pi'-lc rt ^t p.ir.uing Iiij.ivc:en gu; fror: wjter by c 
ii> ». \.,-:^ Thus we see tb.u a.mbusiibles are ca: 
■:ig ihr ■'. nVju.<tibi!lcy or" the bases of products, 
stliv.s ivse iheir cmnnV'^t'.biUty by the process, am 
iiiio J'^^h^ot^. CVM^'nis;ibi!if;-, therefore, may- 
pie.! ^r.n from one b.)dy to anoilier. 

From these facts it is ob\ ious, that the prodiu 
tjon injy be formed without combustion 3 but i 
n**w combustible is always evolved. The process 
i:iitrehang»: of combustibility; for tSe combustit 
into a product only by means of a product. Both 
iUj Lnise jf die. product having undergone combv.sl 
sonething which is essential to C(Mnbustion. *! 
mv?rely a eouble doco'i»iposiiion. The product "vii 
to the combustible, while at the same time the coi 
t>iit sc»mething to the base of the product; tlie cc 
Uiit base tbtn is restored bv the loss of its oxig 
restoration Df sonnnhin^ v. ■:i-.!i : ': -cives from 
busiible thrs convcvtt d into a product. 

There is indeed another nu . -od of forming tl 



fSltHSOH** TAeotV or COMflUitlOM. 

nitnHU g3Hi aminiiuia, a new ctiinbu.itible', U a 
f formecli ariJ iMt untVeijuuntly the proiiml is convertetll 
h parliid suppnrlrr. 
No Supporif c.in be prodiKTd by combastiuD, or by > 
mt itmcPHS. A^ all tiie aupportrrs, except oxigen g 
ft of nigcn cambiucil with a base, it follows as a coiue^l 
ee, thai oiigcn may corabtlie widi a base wiihoui losing tlitt'l 
bich ixicasions combustion. The act of combiaa-ij 
Pqf usigea with a bifsc, therefore, i« by no mcaus the sanfti' 
^CMQbnstion. If we take a view of the illiiercnt suppoiter 
Ifeiill find ibat all of lliem whlcb_ can be obtained artificially, 
i either from odier eiipporterti, or by Uie agency of 
icity. 
VOxiBKH GAS may be procured IVom nitric acid snd tr. 
SJtiiirla:ic acid, (p. 183...6) iwo aapportefs; and fromaeve-l 
r the partial supportets, as the black oxid of manfaiiefl 
d muds of lead and of mercury (page 19?). The 
IB always necessary; but the process is very different fi 

m, as far as is known at present, cannot be formed a 
The gas indeed which comes over during part of t] 
B distlJliition of nitrate of potash and sulphuric acid to obUiQ 
la acid, resembles air very closely. Bat It is obtained fi 
jorter. 
. The GAzeous oxid of kitbooen has hitherto been a 

iti'oiis gas and nitric acid (nitrate of an^moni^il 
c supporters. 

GAS can only be procured by tlie decomposiS 
Etric acid, a supporter. 

SATED MURIATIC ACID Can be formed by coffiW 
Lcid with the osigen of the black oxid tif nsan 
, the red osids of lead, iron, mercury, (page 335) kc. i 

e partial E«pportei-a. 
'. Nitric acid is formed spontaneously upon the surface dl 
urth by .processes with which we are but imperfectly* 
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(]uaintcd ; but wbicli certaioly have do lesonblance to 

tion. lu oxigcD is probably famished by the air, w] 

supporter: at least, it has been obsctveil, that 

oKigcn at high temperatures ate capable of forming bitrtc acid, 

(page 111). 

This formation of nitric acid by means of eleetrieity, b» Men 
considered as a combustion, but for what irc^anon it is not esof to 
My : the sdsstancc acted upon 1* not a combustible with a mp- 
porter, but s inippoiter alone. Electricity is so for from bdng 
equi-alent to combustion, lliat it sometimes acts in a manner 
diametrically opposite} uoturning, if we msy ua^tiie cxpretaioQ, 
a aubstance >r'hich han already undcxgone combustion, and con- 
verting a product into a comiusliliie and s supporier. Thus it (le* 
composes water, aod' convfirts it into oxigen and hidrogen 
therefsrc It must be capable of supplying the subataneea, 
the oxi^ea and combustible lose when they combine 
bustion, and foim a prodQCt.* 

8. Several of the supporters and partial supporters alt 
of combining with combustibles, without undergoing ilecompo- 
■ition. or exhibiting the phenomena of combustion. In (hi 
manner the yellow oxid of gold and the white oxid of silmr com 
bine wiib ammonia ; the red oxid of mercury with oxalic jdd| 
and oxigeuated muriatic acid with ammonia. TTiUS elio 
of pota&h and oxigenaled muriate of potash may he cmnbiDwl, 
or at least intimately raised witli several combustible bodies, 
gunpowder, fulminating powder, he. In all (hese compounds tlw 
oxigen of the supporter and the combustible retain the ingredients 
which render them ausceptibJe of combustion; hence the coco- 
pound is still combustible : And in consequence of the intuniilB 
combination of the component parta, the least alteration b apt 
to destroy the equilibrium which subsists between themt 
consequence is, combustion and the fomiatjon of a new i 

• The doctoi ioa nut meia lo iffirai ihji electricitj' ntTer occaiioiii C« 
lion, the cDHIrirj a{ whiEh b well known, but ihit a combuuDOD piudllCtd 
it DDI ilwBji iheiunc widi cimibiutipa. 
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Hence these compounds burn with amazing focility, not'fl 
ten beatetl, bul when triturated or struck smartly with c3 
r. They have therefore received the name of delonaetn^M 
'iklminaling bodies. Thai wc have iulniioaling guld, fulmi^ 
hg silver, fulminating nlercury, fulminating powder 
L Such are the properties of the combuslibleSj the supporters,^ 

e products ; and such ihe phenomena which they exhibit 
D mode to act upon each other. 

compare together tlic supporters and the pndacts, 

d that they resemble ea<Ji other in many respects. Both 

contain osigen as an essential constituent part; both are 

able of converting combustibles into products; and several of 

combine with combustible? andwitli additional doses of ox- 

But they differ from each other in theij' effects on combus- 

. The former only produce combustion ; whereas the pro- 

t convert combustibles into products without combustion. 

B tlie ultimate change produced upon combustibles by 

ise sets of bodies is the same, and as the substance wbicb 

ibines with the combustibles is in both cases the same, name- 

:n, we must conclude that this oslgen in the supporters 

i something which the oxigen of tlie products wants, 

hing which separates during the passage of the oxigen ficm 

ft to the combustible, and occasions the combustion, 

n of fire, which accompanies this passage. The c 

1 of supporters then conlaias some ingredient which the c 

i products wants. Many c 
robable that this ingredient is cahnc. 

mhustilles and the products also resemble each olhi 
h of them contain the same or a similar base; both frequc 
|>combine ivith combustibles, and likewise with oxigenf 

y dillisr essentially in the phenomena which accompany their 
^bination with onigen. In the one caseji/e is emitfad, in llie 
If we recolltcl (hat no Kubstance liut a combuslihJe 
of restoring combustibility to the base of ^ product, 
its doing M it always loses its own combustrbililyi 



rf BKnO o( Crawford, I^roukr, 2ad L> Ffac«- Tlia 
« of Ik4 Uooiicd *rr'»"<' is laaiit^acd bj Ac-^*- 

'ume ifijcrodient ntnit eiitt ia tbc mljen of ncty 
B an of than are otnicaulT to the suae ttttc 
ttidaAe (hat (be oxigm of evay mppocter cootams 
I ciamiia] ingTcdient. 
emitted during combistion matt eitlwT pnceed fixxn 
r the supporter. That it proceeds fitwi Ae 
: muil appear pretty obvions, if we recollect that the 
le light einitted daring combnstton rarie*, and ihlt 
n uotially depends, not npon the stipporter, but upon 
bible, Thu* cbatcoitl bums with a red flame, lulplrar 
or violet, zinc with a greenish whit* Src. 
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ic with poTaxh, ot with lime, to a crvciliie or glau tnbe, 
t wticD melted pbosphonu i« made to combine wrdi 
I (o irdufss, (page l6s). He sajtpoBcs tkit in all 
ibililj' barylM and stroctu csbSiit the same |>beaa(Detx>n 
aoombincd with roetied ^ulphcr cc phoepfaorus; awl pcr- 
e of the metal* when combined «ntli ptioaplioras. 
jibenomena Dr. Thooisoo txplaiiu thiu: He mlpliflr aw! 
in the iTuJccd state, and tbercibtc eotnaia cakuic 
i the alcaltes, earths and meub wliicli prodoce 
lenoinenon in question, coDtaio light as an essential in^- 
Tbe sulphur oi phosphorus combines with the base of the 
, earth or akah ; wh'dc at the »am« time the ealork 
I the GulphiiT or phtMpboms oM'ed its flniditf, ci 

r right of the metal, earth or alcali} and the com[ 

ff uader the form oifire. 

[Iitu the process is CMCtly the same with combaiUcED. escepi' 

U far M regards the product. The melted sulphur at phot- 

fs the part of the supp^rirr, while the ntctal, eanb at 

i\ nccupiei the place of tlie eovil-ustilte. The &m fimufaca 

ic, llie second light, while the base of each oombioe« toge- 

Hcncft we see that the base of snlphnrvls and pfaosphimrts 

obles the ba.-e of products in being desiirate of light, the 

ation of these bodies exhibiting the separation of Src liki 

Kirion, but the produCT differing from a product of combo*— 

n being dMtituti! of oxigen, J3t. Tbonuon djigtinguisbes 

t) by iJie title of semi-comBuition; indicating by the 

t possesses one half of the charaaerislk marks of combui* 

is destimic of the other hall' 

c only part of this theory which requires proof is. flirt 

^ Coniponeni part uf the earths and alcalici. But as potash 

Ume are ibe only bodies of that nature, which we are certain 

le capable of exhibiting the phenomena of semi-combnrtioo, 

e proofs mutt of necessiiy be confined to them. Hut fi"» 
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almt~- ^^J 

tem^^^l 
ibm* ^^^ 

liSht 

at»h I 



a component part 
AaS 



has bceu lens \tiawv. Mcjcr 



: remarkj on semi-combiution might eaaily be i 

d upon. Far it is obvious, that whenevcT a liquid a 

a witli 3 solid containing light, and the product is a tolid 

bdyi something analugoas to semi- combustion jntisi take pLice. 

ason why water increases the violence of combo*- 

a when thrjwn sparingly into a common fire, &c. 

kSoch is the theory of Dr. Thotnson, against which a few olqec* 

s have been advanced by an aiiooymous writer, CNickohOM's 

ticriud, July, 1902, p. 206.) but tl;.:re is little doubt that thcac 

ections will soon be reconciled, when the ingenioiu invesii* 

iom of Dr. Thoouon have been the subject of further cotui- 
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